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Spring Book Roundup p.105 = 


Alvin Weinberg on Authors, Readers and Publishers; 
Technical Information Services of the AEC; 7 

New Nuclear Books; What's on the Scientists’ Bookshelves?; 
Translations— Where do you get them? How good are they? 
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In this issue: 


Eight Articles on Radiation and Instrumentation ... see contents page 
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X-RAYING LARGEST STAINLESS 
STEEL “HOT” PUMP CASTING 


{bove, technicians mark segment of cast how ere is the t 


largest single-piece stain- to engineer and manufacture nuclear prod- 

ing for one of many hundreds of X-ra 

pictures employing a 24,000,000 volt less steel pump casting built today he ucts, Worthington has an Advanced Prod- 

Betatron at the Bonney Floyd Foundry . 

Below, X-ray picture is carefully in- X-ray procedure is just one of the many ucts Division which specializes in pumps 
y p | | 

spected for flaws : 

inspections necessary to assure the high and other equipment for nuclear plants 


quality in Worthington nuclear pumps For further information, write Worthington 
Special designs were necessary to allow a Corporation, Nuclear epartment 106-7, 
single casting to be made for this size pump Harrison, New Jersey 

mplete discussion <¢ 
1 and manuf; 

iclear requirements 
1 Worthington pamphlet 
For a Nuclear Power 

RP-1092 WORTHINGTON 


pecial attention required 











BeW Spectral Shift Control Reactor 


...an important step toward LOWER NUCLEAR POWER COSTS 


The Babcock & Wilcox Company 
presents a high capacity reactor 
which incorporates significant im- 
provements in neutron economy, 
power distribution within the core, 
and core lifetime. The Spectral Shift 
Control Reactor (SSCR) is the out- 
growth of extensive research and 
engineering on the time-proven 
pressurized water concept. It operates 
with a mixture of heavy and light 
water which shifts the neutron 
spectrum so as to control resonance 
absorption in the fertile material 
during the life of the core. As the 
reactor is operated, the addition of 
light water makes neutrons available 
to sustain criticality for substantially 
increasing core lifetime. 


NEUTRON ECONOMY 
The excess mass of fuel required for 
long core lifetime is controlled by 
heavy water instead of neutron- 
absorbing materials, such as control 
rods or soluble poisons. In fact, at 
full power the SSCR operates with 
most of its control rods completely 
withdrawn. Neutrons which in other 
reactors would be wastefully ab- 
sorbed in control rods, or soluble 
poisons, are instead absorbed in the 
fertile material to produce new fuel. 
Conversion ratio is improved for both 
thorium and low enrichment ura- 
nium cycles, resulting in extended 
core life. A breeding ratio greater 
than unity may ultimately be 
achieved with recycled U-233 fuel. 
[he inherent neutron savings alone 
in the SSCR make it an important 
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step toward the achievement of 
economic power. 


POWER FLATTENING 

In other water reactors, control rods 
in the core distort the power distri- 
bution. The reduced number of rods 
in the SSCR core provides the highest 
degree of power flattening available 
in any reactor today over the entire 
core life. For this reason, the SSCR 
core can produce substantially more 
power than other reactor cores of 
comparable size. Substantial savings 
in unit capital costs of the reactor 
primary loop, shielding, and con- 
tainment are thus achieved. 


LONGER CORE LIFE 
The ability of DO to hold down 
excess reactivity permits a high initial 
fuel loading which allows core life- 
time to be extended far beyond the 
margins presently imposed by ma- 
terial limitations. Since irradiation 
damage to oxide fuels appears to be 
inconsequential, lifetimes of future 
cores may be limited only by neutron 


absorption in the fission products 
themselves. 


FLEXIBILITY 

The SSCR can control various 
amounts of excess reactivity permit- 
ting ready adaptation to future cores 
that have the optimum combination 
of fuel type enrichment and cladding. 
Benefits from the thorium-uranium 
233 fuel cycle, when it is developed, 
can be immediately attained. 

Recently, the Atomic Energy 
Commission awarded to B&W a 
million dollar contract for critical 
and exponential experiments on the 
mixed water moderator principle. 
The information obtained will be 
valuable in furthering the develop- 
ment and application of all reactor 
designs utilizing mixed moderators, 
including the SSCR. The combina- 
tion of the Spectral Shift Control 
concept with the advanced tech- 
nology of the pressurized water 
reactor yields one of the most ad- 
vanced nuclear power reactors that 
can be offered to the utility industry 
today. The Babcock & Wilcox Com- 
pany, 161 East 42nd Street, New 
York 17, New York. 





Physicists, metallurgists, radio chemists 
and reactor engineers will find oppor- 
tunities to work on this and other 
interesting reactor concepts at BoW. 
Address inquiries to W. F. Porter, 
Personnel Manager, Atomic Energy 
Division, The Babcock & Wilcox Com- 
pany, 1201 Kemper Street, Lynchburg, 
Va.; or phone collect, Victor 6-6521. 


THE BABCOCK & WILCOX COMPANY 





NUCLEAR POWER APPLICATIONS 






















TELEFLEX 
FLUX-MAPPING 
SYSTEMS give speedy, 


accurate core observations, 
power distribution control 


Every feature of the TeELEFLEX System 
points toward more effective control 
of reactor power capability. This 
advanced system produces accurate, 
reliable flux level measurements, and 
quickly ...a complete map can be 
obtained in approximately one hour 
As a result of more exact under- 
standing of fuel burnup and control 


Typical TeLerLex flux-mapping 
system, originating and 
remotely controlled from the 
safe vantage point of the main 
station control room. 


rod programming, more economical 
E= refueling techniques and more effi- 
cient core power distribution at all 


power levels is possible. 


The TELEFLEX System is a proved 
electronic-mechanical package, 
completely integrated and automatic 
The principal component is TELEFLEX 
flexible cable, providing the means 
for unlimited accessibility to remote, 
normally inaccessible areas. The 
TeELEFLEX System inserts flux wires 
into core thimbles, regulates wire 
exposure, automatically retracts 
exposed wires, passes irradiated wires 
through a counter-readout device, 
records activity of each wire and its 


accurate location. 


The TeELEFLEX System is basically 
simple, and lends itself to many 
reactor design configurations. Pos- 
sibilities have by no means been 





exhausted. For some idea of all that 
TELEFLEX has to offer you, get in 
touch with TELEFLEX nuclear-trained 
engineers and research people. 














1. TeLerex helical flexible 2. Electro-mechanical drive 3. Remote control system in- Y ELEI LEX 


cable provides accurate and comprisedofspecially-hobbed cludes counters, readout and INCORPORATED 
Positive remote positioning wheel, gearmotor and com- recording devices; may be NUCLEAR PRODUCTS DIVISION 
of flux wires. pact cable-storage magazine located anywhere. NORTH WALES, PENNSYLVANIA 
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Labeled Organics in Gas Chromatography 
PULVIC CACACE 


Counting Soft Betas 
DAVID R. CHRISTMAN 


Blast-Furnace Gamma Gage 
ROBERT B. SPOONER 


Burnup Experience in EBWR 
JOSEPH A. THIE 


Electrical-Resistivity Meter Monitors O, Content of Liquid Metals 
L. R. BLAKE and A. R. EAMES 


Precipitator Monitor Detects Fuel Failures 
A. C. LAPSLEY 


Graphite-Matrix Fuel Bodies 
T. M. BENZIGER and R. K. ROHWER 


Incinerator Reduces Volume of U-Contaminated Paper 
R. C. THORBURN and R. J. CHANDLER 


Electrical Gas Discharge—Competitor to Radiation? 
TORBJORN WESTERMARK 


Ozone Analyzer Uses Radioactive Clathrate 
CARLTON ©. HOMMEL, DAVID CHLECK and PREDERICK BROUSAIDES 


Authors, Readers and Publishers 
ALVIN M. WEINBERG 


What's on the Scientists’ Bookshelves? 


AEC Technical Information Services 
EDWARD J. BRUNENKANT and RICHARD M. BERG 


Keeping Up with Foreign Nuclear Literature 
A Nuclear Book Review 


New Books for Your Bookshelf 





NUCLEAR REACTIONS 6 NUCLEAR CALENDAR vr 130 
NEWS OF THE MONTH.... 17 NEWSMAKERS ....... weer err oe 
PRODUCTS AND MATERIALS 116 INDEX TO ADVERTISING Sicwana ae 


INDUSTRY NOTES 129 EDITORIAL sane 136 








Jerome D. Luntz, Editor and Publisher 
R. Hobart Ellis, Jr., Managing Editor 


TECHNICAL STAFF 


Thomas L. Cramer, Associate Editor . =a a . : 
Harold L. Davis, Associate Editor A Change we Command Jr., an Associate Editor on NUCLEONICS 





James J. Dutton, Associate Editor One of the toughest jobs in the pub- who has done a fine job with us for five 
Margaret T. Beach, Assistant Editor ishing business is being a managing Years. Hoby has been responsible for 

NEWS STAFF | editor. A managing editor must be at seeing that th pages Of NUCLEONICS 
John E. Kenton, News Editor | once tough and gentle. In running a ire well stocked with good articles in 
Robert E. L. Adamson, Associate News Editor staff and “getting the book out,” h the fields of applied radiation and 
John Wilhelm, Manager, News Bureaus must be demanding of top performance instrumentatior 


Washington—G. B. Bryant, Jr., Chief, 
Richard A. Smith; London—John Shinn, 
John Tunstall; Paris—Robert E. Farrell, | frailty He must (on NUCLEONICS 


He got his undergraduate degree at 
Bowdoin College and his PhD at 


ind yet understanding of human 


eek. wstaoes ace ee on, know his field and, at the same time Columbia where he worked at the 
ilke B. McQueen; W. Berlin—Hans Plewe; ; ) . > : ; 
Manele Costes; Toke Sol ill the intricacies of magazine produc- Radiologi il Research Labor toric s on 
Sanders; Rio de Janeiro—teslie Warren; tion. He must know how to meet physics experiments related to the 
Mexico City—Peter Weaver; Melbourne ticht schedul 7 1 to hold luc measurement of radiation dose This 
Alicija Grobtuch; Beirut—O. M. Marashian; bail - RUNS ANE YO Rod production } ‘ :, 
Brussels—A. P. L. Gordon; Bombay— costs down. He must be an expert in esearch resulted in his writing a num- 
— ear en a Shah; the art of communications. And he ber of scientific papers, including two 
ohannesburg—Norman Herd; Milan— a ae : in NUCLEONICS in 1950 And he has 
Gene DiRaimondo; Stockholm—Curt Agren; must know the audience his magazin . vu And he ha 
Vienna—F. H. Baer; Ottawa—Frank Flaherty | is serving, its subscribers irried his interest in writing to the 
PRESENTATION STAFF This is a big order for any one man endpoint for a = ~he has 
Tom Howland, Jr., Art Director We on NUCLEONICS have been fortu tten one boot uclear Technol- 
Herbert Taylor, Assistant Art Director nate over the vears in always having ogy for Enginee1 ind is producing a 
Barbara Keller, Editorial Assistant had managing editors who have filled ond one Irradiation Technology 
Keith Henney, Consulting Editor this bill In fact, we are just losing His familiarit ith the nuclear field 
one who fits the description superbly ind the t! English language 
a 
Dr. Daniel I Cooper, who was in that Ss We { ONICS aers 
sae spot for four vears and wi ( cs 
Philip H. Hubbard, Jr. pot for four irsand with NUCLEONI Let’s Get Reading! 
Advertising Sales Manager for seven, has resigned to take another s 
mi ; ‘ \ ’ } ‘w of the growing importance 
James H. Thomas, Market Research Manager ob. We will miss him and wish him In vi rowing Importance 
James F. O'Brien, Business Manager well. nuclear literature, we've enlarged 
Tom Howland, Jr., Promotion Manager H a 7 ; ts 7 uur books section this month to 12 a 
George Pomeroy, Classified Advertising Mar. | ae, ee ae ae We hone 1 ' 
apable physicist, Dr. R. Hobart Ellis ro ope We ere pve Fou 


ADVERTISING SALES STAFF some tools to deal with the piles of 














Donald J. Cassidy, New York nuclear literature on vour desk Alvin 
Merrill J. Hosmer, Boston ' 2 3 . 
A : Weinberg of the Oak Ridge National 
Donald C. Knapp, Philadelphia 
Willis T. Smith, Chicago Laboratory has written a controversial 
Thomas K. Cogswell, Cleveland article on the pros and cons of nuclear 
Frederick R. Whitmore, Los Angeles ; : ny 
Scott Hubbard, Portland iterature ( hear rebuttals to this 
M. Miller, Atlanta article later In addition, Edward 
John G. Grant, Dallas Brunenkant and Richard Berg fill you 
Joseph C. Page, Houston 
Jack Patten, Denver | n on how to use the AEC technical 
E. E. Schirmer, Dennis McDonald, London information service And three nr- 
Stanley Kimes, Frankfurt | sFONICE SUI sresulted in our article 
Michael R. Zeynel, Geneva tee “3 a en 
| on translating foreign nuclear litera- 
e | HOBY ELLIS takes over the job of managing ture and the nuclear book lists from 
‘ : ci 
; . editor of NUCLEONICS this m é, 
Thomas L. Cramer, Buyers’ Guide Manager : ee varie 4 ee Don <cientists a publishers. So let’s 
James H. Thomas, Circulation Manager . cooper, who has resigned to take another ret reading! oe 
job = eee The Editors 
| 
| 
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CURIUM-242 for Direct Conversion Generators 


Development of direct conversion 
systems at The Martin Company 
includes the application of ther- 
mionic techniques as well as the 
thermoelectric techniques used in 
current SNAP programs. Thermi- 
onic generators seem particularly 
promising for space applications. 
This work has emphasized the 
need for an isotopic heat source 
of high power density which re- 
mains stable at the high operating 
temperatures (1500°K) required 
for thermionic diodes. 
Curium-242 is an ideal power 
source because of its high power 
density, its potentially lower cost 
and the relative ease with which 














Martin-Nuclear 


Martin Heavy Element 


Processing Facility-Baltimore 


Purification 
& 
Target 
Preparation 





CRUDE AmO2 


Voi. 19, No. 5 - May, 1961 





















Am02 
cal 


its alpha-particle emission can be 
shielded. While Polonium-210 and 
Curium-242 have equal power 
densities (100-120 watts per 
gram), Polonium compounds 
lack high temperature stability. 
Curium oxide (Cm.O;) melts in 
the neighborhood of 1800°K. 

Recognizing the need for high 
temperature heat sources, Martin 
has undertaken, under contract 
with the U.S. Atomic Energy 
Commission, to “scale up” Cu- 
rium-242 production on a multi- 
gram level. Discovered in 1944, 
Cm-242 had only been made in 
tracer amounts until 1960 when 
the University of California’s 
Livermore Laboratory produced 
it on a 250 mg scale. 

“Scale up” of the process has 
involved several challenging 
problems. For example, excessive 
peroxide formation in solutions 
above 0.02M Cm-242 compli- 
cates the chemical reactions. In 
solutions above 0.07M, heat 


Heavy Element Processing Facility, Baltimore, Maryland 


AEC National Reactor 
Testing Station, Arco, Idaho 


Irradiation 
(100 days) 
Cooling Period 

(30 days) 







IRRADIATED 
TARGET 









Curium-242 
Separation, 
Purification- 
Conversion 





Martin hot cell facilities, Quehanna, 
Pennsylvania 


evolution itself becomes limiting. 
This localized high energy release 
dictates special techniques for ion 
exchange, precipitation and han- 
dling of Curium compounds. 

The production process, under 
direction of the Nuclear Chemis- 
try Department at Martin’s Nu- 
clear Division, begins in the Heavy 
Element Processing Facility now 
in operation at Baltimore. This 
facility is capable of purifying 
100 grams of Americium-241 at 
one time and encapsulating indi- 
vidual aluminum targets each 
containing 4 grams of AmQ». 

The Americium-241 targets 
will be irradiated at fluxes ex- 
ceeding 10'*n/cm?/sec at the 
AEC National Reactor Testing 
Station in Idaho. After irradia- 
tion, each target will yield about 
1.5 grams of Curium-242. 

Remote chemical purification 
of Curium-242 by ion exchange 
techniques and conversion into 
high melting point compounds for 
use in direct conversion systems 
will be accomplished at the hot 
cell facilities operated by Martin 
at Quehanna, Pennsylvania. 


Martin Hot Cell 
Facilities, Quehanna, Penna, 
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“vs Bacteria in Reactor D,O mobacter and Bacillus. The viable 
count of organisms varies in different 
an effective material DEAR Sir: parts of the circuit and at different 


stages of the operating cycle from 0—1 
organisms/ml, after passing through 
the central aluminum tank during 
reactor operation at 10 Mw, to 18,000 
organisms/ml in water emerging from 


for neutron shielding The presence of bacteria in nuclear 

Boral is a uniform dispersion of boron | reactor light-water cooling circuits has 

carbide crystals in aluminum. Its high boron| been reported by Fowler et al.* and 

carbide content (up to 50°%) enables it to| , )phel.+ 

absorb thermal neutrons without the pro-| a a a Se oo 

duction of hard gamma rays. - 6 the ion-exchange bed 
ang : 

It is interesting to note that in parts 
of the circuit not subjected to intense 
irradiation an increase in the viable 
count follows the commencement of 
each operating cycle. This suggests 
that the reactor operation—possibly by 


regular microbiological examinations 
Boral, Plate can be worked to meet the 

requirements of a wide range of shielding) 

applications. It can be drilled, tapped, | 

punched, sawed, sheared, formed, and} of the high-flux, heavy-water-moder- 

‘ = ae aA 4 sketches show! ated research reactor HIFAR at this 
typical designs and assembly methods. ah . 

yP 6 , ‘ establishment. The heavy-water cir- 


have been earried out on both the 
heavy- and light-water cooling circuits 


" cuit provides an interesting oppor- 





—— tunity for the study of micro-organisms its action on the ion-exchange resin— 
De because of the high isotopic purity releases nutrients into the heavy water. 
a, lt alia re greater than 99.6%), the high chemical A full account of these experiments 
' at ii Z purity (ensured by constant passage will be published elsewhere. 
> through a mixed-bed ion-exchange ——P.8. Davis, G. G. McPHErRson 
Vag column), and the presence of a helium ilies i Psy sr 
Shut-down Control Rod for Reactors gas blanket over the surface of the Research Establishment 


Assembly of this unit is made by arc welding. | heavy water in the reactor tank. Fur- Lucas Heights, N.S.W. Australia 


All edges of Boral Plate are clad. The center | thermore, during its passage through iat 
bar is tapped to receive the threaded rod. the reactor core the heavy water is AR OR 
With regard to the “increase in 
viable count” following ‘commence- 
1014 n/em?/ecc. ment of each operating cycle,” here 
The presence of bacteria in the at LASL we grew the isolated Pseudo- , 
monas species on a distilled-water 


subjected to intense irradiation, the 
neutron flux being approximately 


heavy-water circuit has been observed 
at all stages of HIFAR’s operating 
cycles. Several different organisms 


suspension of resin from the ion-ex- 
change columns This, of course, W&s ‘hd 
in the absence of a continuing radiation 
effect. It was also our belief that the 





have been isolated including members 


P Storage Cells for Fresh Fuel of the genera Pseudomonas, Archro- 2 
Cells are usually used in assemblies of resin served as a source of metabolites. 
several fuel units, encased in aluminum or However, we assigned the metabolites 
stainless steel cylinders. The Boral shapes) 4% B Fowler. nucEONICS 18, No. 4 to chemical degradation fror I 
ae one . Oo er, 2 .EO) : NO~7 cne og aegri { ( ( eC li- 
should have corner radii of 34"; length can | j 99 (;o69 ° oe ya wo Ogee 
be up to 12 feet. +1. L. Ophel. wucueontcs 18, No. 10, ©?tion rather than to radiation degra- 
! 4 phe ; wOs ‘ p 410. ’ ; 
+ 6 (1960 dation. In all probability the metab- 
S$ 
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Water-cooled Boral-lined Case 

for Spent Fuel Elements 

This Boral-lined aluminum case with egg- 

crate type separators for the transportation 

and storage of spent fuel units, is assembled 
from Boral Plate by arc welding. 


Paty Potential snse get ; engineering and applied radiation. Position and company connection must be in- 
F nage 0 8 + 8, ee ee shutters dicated on subscription orders. 
oe reese ourtemns, = sy fats 6. rier Subscription correspondence and changes of address should be sent to Fulfillment 
-_ 7 iPPmE ee ae serene Manager, Nucleonics, 330 W. 42nd St., New York 36, N. Y. Allow one month for 
material, fabricated boxes for radiation- | ae ; 
ae A : é | change of address, giving old as well as new address, and including posta! zone 
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olites arise from a combination of both 
factors. 

—Enric B. Fow.Ler 

Los Alamos Scientific Laboratory 

Los Alamos, New Mezico 


Chemonuclear Fuel 
Dear Sir: 


Reading the February, 1961 issue of 
NUCLEONICS, I came across the article 
on p. 48: “Thin Unclad Fuel Needed 
for Chemonuclear Reactors.”’ 

May I complete the list of well known 
ideas for such thin unclad fuel with the 
summary of a German patent [given 
below], which describes a fuel for 
chemonuclear reactors or for a power- 
reactor superheater 

Different from the Harteck-Dondes 
glass fuel fiber, my new porous system 
holds the fuel only on the surface of 
metallic fibers. While the UO--glass 
fiber burns out and can break or be 
pulverized, the metallic fiber holds 
together even if the fuel on the surface 
is fully used up 

The sintered-metal fibers will have 
some other aspects in the future. 

PeTER FABER 


Kahl am Main 
Germany 


German Patent 1,037,607 (issued to 
Elektrizitats-Actien-Gesellschaft vorm. 
W. Lahmeyer & Co., Frankfurt/Main; 
inventor: Peter Faber): Fuel material 
is deposited in thin layers (of the order 


of hundredths of a millimeter) on the | 


surface of a supporting material. The 


latter can be in the form of fibers, chips, | 


wire, wool, etc. and made of metallic 
e.g., aluminum, magnesium or zirco- 
nium) or glass-like materials. The 
deposition process can be a known 
method such as vacuum-vaporization, 
electro- 
The fuel deposit can be in metallic or 


or electrochemical deposition. 


metalloidic form or chemically com- 
bined to the base metal as UO:. 

The fuel layer must be thin enough 
to permit fission-product escape. 
Thus, the fission products could be 
washed out with the coolant without 
breakdown of the bond between the fuel 
and supporting material. Thereby, 
a substantially higher fuel utilization is 
possible compared with that of present 
fuels. Moreover, a higher thermal effi- 
ciency can be attained because of the 
large surface of a fiber structure and 
because there is no material separating 
the fuel from the coolant. 

Also, the flexibility of a fiber struc- 
ture is advantageous. The fuel can 
operate at higher temperatures without 
thermal stresses. 
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¥ INSPECT 


Skilled services per- 
formed at your 
facility by special- 
ized personnel 
from nearest RCA 
repair center... 
to save you time 
and money! 





¢ DETECT 


RCA nuclear and 
scientific service 
specialists factory- 
trained by major 
equipment manu- 
facturers . .. to 
find the trouble 


¢ CORRECT 


Extensive stock of 
factory-specified 
replacement parts 
and portable serv- 
icing gear carried 
by RCA specialists 
... to ensure reli- 
able replacements 
and conclusive, de- 
pendable service! 

















CHECK THESE CAPABILITIES! 


FACTORY- TRAINED 
SERVICE SPECIALISTS 
provide 


Nationwide On-Site Maintenance and 
Calibration for All American-Made 
Nuclear and Scientific Instruments! 


be [heeses 
Ss” aves 


' 


osases 


E. G. 


Fort Belvoir reactor training simulator .. . 
normally in operation 24 hours a day ... no 
regularly scheduled maintenance time . . . main- 
tained by RCA on yearly contract basis .. . 
results: better than 99 per cent of scheduled train- 
ing time is productive time! 


Realizing the increasing importance of nationwide service 
facilities, many prominent manufacturers* of nuclear and 
scientific equipment have contracted with RCA Service Com- 
pany as an approved service representative for their products. 


RCA can serve you skillfully in these areas: 


e Equipment installation and maintenance 
e Complete facility operation 

e Specialized engineering assistance 

e Training and publications 


For additional information on RCA services, phone WOodlawn 3-8000, Ext. 
PY 6038, or write to RCA Nuclear and Scientific Services, Bldg. 206-2, 
RCA Service Company, Cherry Hill, Camden 8, N. J. 


*Names available upon request 
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NEW YORK, May 1 -—-— MORE THAN 25 MILLION 
POUNDS OF ASARCO CAST AND ROLLED LEAD HAVE 
BEEN USED FOR RADIATION SHIELDING IN PER- 
MANENT AND MOBILE NUCLEAR REACTORS SINCE THE 
BEGINNING OF THE ATOMIC POWER ERA. 





Asarco pioneered techniques that sought constantly through fundamental 
produce lead castings of such uniform high and applied research. Asarco high purity 
density that even gamma rays cannot find lead, 99.999 % pure, is one result of such 
surface pinholes to penetrate. As a result, research. 
Asarco is a major fabricator of lead in the 
many forms required by radiological, In addition to ores and concentrates 
” chemical, refining, atomic, construction from its own mines, Asarco also smelts and 
ray and other industries. Many of the mobile refines lead ores and concentrates pro- 
reactors in use today are shielded by duced by independent mines. Asarco also 
Asarco patented interlocking lead bricks, is a major reclaimer of scrap metal. All of 
and its lead sheet, plate and castings are these sources assure steady availability of : 
found in permanent reactors, isotope pack- quality lead in quantity under all market 
: storage, shipping and conditions. 











For more detailed information about 


Asarco is the world’s largest refiner lead in all its forms and uses, write Amer- 
of lead and knows more about it than any ican Smelting and Refining Company, 





other company. New applications are being 120 Broadway, New York 5, N. Y. 










Launching an atomic powered sub- 

marine with Asarco radiation shield- 

‘ ing aboard. Inset shows method of 
anchoring the sub’s lead shielding 
plates with Asarco lead wool. 


American Smelting and Refining Company 
120 Broadway, New York 5, N. Y. 


NEW LOOK IN NUCLEAR SUBS... . The Navy’s 
new submarine Skipjack, built by General Dynamics 
Corporation's Electric Boat Division in Groton 


Connecticut, features a revolutionary blimp-shaped hull 


and diving planes on the sail (formerly known as 
the conning tower). Although her speed is classified, 
Skipjack is the fastest of the A-Subs 









“HY DROFORGED” 


FINE-GRAIN 


STAINLESS PIPE FOR 
THE NUCLEAR NAVY* 


THE PROCESS: The starting point is a high quality machined hollow billet 
made centrifugally which is cold expanded by hydrostatic pressures up to 50,000 
PSI in specially designed massive metal dies. After ‘hydroforging”, the pipe is 
given a recrystallizing anneal which results in the grain refinement character- 
istic of wrought stainless steel. 


THE PRODUCT: After final machining of the O. D. and I. D. surfaces to 125 
micro inch finish, the pipe is subjected to all the testing requirements of Military 
Specification MIL-T-18063A (Ships) which covers seamless austenitic steel tubes 
and pipe intended for radioactive system service. This specification includes: 
chemical analysis, tensile properties (for Type 304 stainless steel—75,000 PSI mini- 
mum tensile strength, 30,000 PSI minimum 
2 yield strength, 35% minimum elongation), 
ian a expanding and flattening tests, hydrostatic 
: pressure test, intergranular corrosion test, 
macro-etch, ultrasonic and liquid penetrant 
examination. 

























= U.S. NAVY SERVICE APPLICATIONS 
FOR HYDROFORGED STAINLESS INCLUDE: 


Pipe for valve operating system reservoirs and primary water 














preheaters 
Primary coolant piping for nuclear submarines and surface 
ships 






Seamless welding fitting stock for large diameter reactor 
piping systems for submarines and surface ships 


Demineralizer shells 








5 extra reasons to consider 
Carpenter Stainless Steels for your nuclear applications 


Quality, uniformity and super-clean- 
ness are obvious requirements for 
the stainless steels you use. And 
Carpenter's dedication to exacting 
standards will more than repay 
your confidence. But Carpenter 
goes a step beyond the obvious. 
Here are a few extra benefits you'l! 
find worth considering. 


@ New developments 


One example of Carpenter's nuclear- 
geared product development program, 
is stainless type 304 we oe contains up 
to 2% of boron 10, an isotope of boron. 
This alloy was developed especially to 

rovide an effective combination of 
igh neutron absorption and high duc- 
tility with good corrosion resistance. 
This bench boron bearing grade of 
stainless type 304 is being used cur- 
rently as control rods, “burnable poi- 
son” and shielding for nuclear reactors. 
A technical data sheet on this grade is 
yours for the asking. 


@ Better corrosion resistance 
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The wide range of stainless steels avail- 
able offers you the exact degree of cor- 
rosion resistance necessary for almost 
any corrosive environment. For mild 
corrodents, Carpenter No. 1 (Type 410) 
can be used; for extremely severe cor- 
rodents such as hot sulphuric acid solu- 





tions, Carpenter No. 20Cb should be 
specified. For other corrodents, one of 
the many other stainless steels will be 
the most economical material for you 
to use. 


Carpenter No. 20Cb is a special alloy 
first produced by Carpenter in wrought 
form. Its excellent resistance to hot sul- 
phuric acid is shown in the chart below, 
left. For information on its resistance 
to other corrodents, send for booklet, 
“Super Corrosion Control”. 


© Improved forgeability 


Tough, hard-to-work stainless and heat 
resisting steels now can be forged to 
closer tolerances than ever before. Steel 
waste and rejects can be reduced. This 
photograph offers proof. 


These two forgings were made from 
the same type stainless steel . . . and 
forged under identical conditions. The 
chemical composition of the left-hand 
disc is within conventional limits. The 
one on the right shows the result of 
Carpenter's exclusive balanced analysis. 
Its chemical composition was precisely 
adjusted within the specification limits 
to the balanced analysis which provides 
optimum hot working properties. For 
your protection, Carpenter forging 
grades carry a special label identify- 
ing forging quality stainless steel for 
quality stainless forgings. 


[arpenter steel 


you can make it consistently better with Carpenter Stainless Steels for specialists 
The Carpenter Steel Company, Main Office and Mills, Reading, Pa. 


Export Dept., Port Washington, N.Y 
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©) Dependable performa 





Carpenter Stainless Steels are continu- 
ally tested and evaluated in the Cor- 
rosion Research Center, considered the 
largest and best equipped of its kind 
among specialty steel producers. The 
autoclave pictured here is typical of 
the equipment used to evaluate mate- 
rials at high pressures (up to 3000 psi.) 
and elevated temperatures (up to 
750°F). It is used regularly to measure 
the suitability of stainless and other 
alloys for nuclear applications. 


© Technical assistance 





This 180-page working data book on 
stainless and heat resisting steels is 
typical of the technical help available 
from Carpenter. It includes descrip- 
tions of all grades, properties and char- 
acteristics. Also selection help, fabrica- 
tion tips and useful corrosion tables. 
Call your Carpenter Representative, or 
write for a copy. For additional help 
on specific design or application prob- 
lems, your Carpenter Representative 
will be glad to work with you. 


“CARSTEELCO” 


Alloy Tube Division, Union, N.]. 
Webb Wire Division, New Brunswick, N.]. 
Carpenter Steel of New England, Inc., Bridgeport, Conn. 
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Atoms, maps 


Nuclear inspection, aerial mapping, motion picture and 

television equipment have Kollmorgen in common. In 

fields so diverse, highly developed Kollmorgen capabilities 

make these significant contributions: 

¢ Continuous-strip inspection cameras which photograph 
the internal surfaces of nuclear power plant fuel elements. 

e Hot-cell periscopes for remote viewing and photograph- 
ing of hazardous procedures. 

@ Catadioptric systems for television and other applications. 


Resumes invited from qualified optical engineers. 
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and matinees 


e Lenses for high speed, high contrast, aerial reconnaissance 
cameras. 

e Kollmorgen Snaplite® prime lenses are used exclusively 
with Cinerama all over the world. In fact, Snaplites® 
are used in seven out of every ten motion picture theaters. 

The engineering and manufacturing skills which produced 

this optical/electronic/mechanical equipment are satisfying 

other industrial and defense needs. Our brochure furnishes 

details. Write Dept. 2-5, 


K KOLLMORGEN 


c/ CORPORATION 


NORTHAMPTON, MASSACHUSETTS 





















URE arionat 
GRAPHITE... 


Today's “Hottest” Material for 
Tomorrow's Airborne Reactors! 


Nuc ear power .. . for boosters . . . for energy . . . for space vehicles to carry 
man deep into the cosmos and back to earth... ! 

This is the next giant step of the Atomic Age . . . an age born at Stagg Field 
eighteen years ago in an atomic pile of super high-purity graphite principally 
furnished by National Carbon Company. 

In nuclear reactors fission energy generates fantastic temperatures . . . 
heat that must be controlled and contained. This is a job best done by graphite, 
since no other material has so many useful nuclear properties. 

Graphite is literally created by heat . . . by baking carbon at temperatures 
above 5,000° Fahrenheit. Graphite has remarkable resistance to thermal shock . . . 
becomes stronger as temperature rises . . . maintains dimensional stability 
under the toughest operating conditions. 

This amazing material is an excellent neutron moderator and reflector . . . easily 
meeting high temperature requirements. It serves as a matrix for dispersion of fuel 
particles . . . as a structural element. It machines easily to close tolerances. 

In addition, graphite is used in rocket nozzle inserts and nose cones. 

Today, National Carbon Company offers optimum capabilities for customized 
graphite . . . plus research, development, and manufacturing experience embracing 
every phase of nuclear graphite and its potential for propulsion. 

Graphite could be the answer to more than one of your requirements. Why not 
write for full information on versatile, durable “National” graphite? 


“National” and “Union Carbide” are registered trade-marks for products of 


NATIONAL CARBON COMPANY Bee 


Division of Union Carbide Corporation + 270 Park Avenue, New York 17,N. Y. 











NDA is building the Fast Burst Reactor (FBR) 
to provide short bursts of radiation 

for biomedical and health physics 
research at the AEC’s Oak Ridge National 
Laboratory. The FBR is designed to 
generate 63 billion watts of power 

in 38 micro-seconds. Its 10'7 fissions 

per burst is many times greater than any 
other pulse type reactor. The FBR will have 
a steady thermal operating power from 
one to ten kilowatts. 

Employment opportunities exist at NDA on 
current and prospective contracts involving 
theoretical, experimental, design and 
fabrication efforts on: Reactors for 
Propulsion, Research and Radiation Effects/ 
Uranium, Thorium and Plutonium Fuels/ Molten, 

Boiling, Gaseous and Liquid Reactor Coolants/ Thermal, 
Epithermal and Fast Neutron Systems. Information about j 7 
employment is available from Director, Professional Personnel. 


NDA NUCLEAR DEVELOPMENT CORPORATION OF AMERICA 


WHITE PLAINS, N.Y. TEL. WH 8-5800 | NDA EUROPE 31, RUE DU MARAIS. BRUSSELS. BELGIUM 
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Industry Drafting Counter-Proposal on Site Criteria, but... 


Disapproval of AEC’s proposed 
guides to reactor siting by a group of 
has led to 
establishment of an ad hoc group to 
try to draft a set of siting criteria as 
a basis for a counter proposal (and as 


1 1 aa 
nuclear industry leaders 





a more constructive approach than 
] I Allen, Philadelphia Electric; Myron 
Be Detroit Edison; Roger Coe, Yankee 
Ate Electric Giovanni D’Arminio, Selni- 
Ed a: Ha 1 Etherington Chalmers; 
Jar I lar Con Ed n of N. Y Carl 
( ne Ger Ele c; B. John Garrick, 
H A J E. Gray, clear Utility 
Services ( W I John 1, Westinghouse; 
Kenneth Kasschau, Alco Pr« cts; R. W. Kupp, 
S. M. § Associat Robert I Menegus 
I ( R. Miln Con Edison; Don Rees, 
3 n Nu " Experimenta Co D R 
S} ilt Get 1 I t Chauncey Starr, 
Atomic I t : H d Vann, Jackson & 
Moreland: H 1 Worthington, du Pont; Paul ¢ 
Zmola, ( tion Engineering; also Charles 
Robbins, | 4. W ald Charnoff of 


merely criticizing AEC’s draft). This 
action arose out of a discussion meet- 
ing on AEC’s proposed guides to re- 
actor siting, held at the Atomic Indus- 
trial Forum in New York, March 17 
and attended by 21 representatives of 
manufacturers, utilities and architect- 
engineering firms. 

The meeting was held to give in- 
dustry people having questions about 
the guides an opportunity to pose 
them to an AEC official. A morning 
session brought together industry peo- 
ple only, while Clifford Beck, AEC’s 
assistant director of licensing and reg- 
ulation for nuclear facilities safety, 
participated in the afternoon discus- 
sion. 


Consensus of the industry group 
was that while they were labeled only 
a guide rather than a set of rules, 
AEC’s attitude seemed to be that this 
is “the book.” Furthermore, the in- 
dustry people are worried that—while 
the guide implies that engineering im- 
provements in the safety field may 
serve as a counterbalancing factor to 
minimize exclusion distances other- 
wise required—AEC staff seems to 
feel that there is no substitute for dis- 
tance. Such an attitude would mean 
not only an aggravation of the cost 
problem of transmitting power from 
outlying areas to the load center, but 
also it would remove the incentive for 
improving safety engineering. 


Earlier Utility Survey Showed Little Concern on Siting, SL-1 


Utility leaders were not very vocal last month about any misgivings 
they might have felt about AEC’s proposed site criteria. Only a few 


in a sampling of power executives warned against carrying safety re- 


quirements to excessive lengths. 
The utility leaders questioned 
feel that the SL-1 accident has had 
» effect on the util 
vard nuclear power; and that 
the advent of utility a 
| bi vader 
teadiiv but 


ity industry's atti- 


ceptance of nu- 
I i scale is 


cannot be 


Some expresst d resignation about 

1 trend hing nuclear powel! plants 
rd re remote sites, while 
thers denied that there is such a 


that as more experi- 


ied with power reactors, 
s remote sites will become available. 
f the principal 

f an informal NUCLEONICS 
irvey on the present status of nu- 
lear power and the extent to which 


it has affected by the SL-1l 
iccident and the recent buildup of 


These ere som 


bee n 


the siting problem NU, March ’61, 
93, 24 Approa hed in the survey 
ere representatives of every utility 


having a major nuclear power proj- 


t, some that are participating in a 
roup project and some with no in 
volvement to date in installing nu- 
clear generating Cay ity 

Here are highlights of the utility 


le i le rs. réa ti ms 
1. Do you find AEC’s new site criteria 


helpful? do you find them encouraging? 
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Most answers were on the theme 
that the criteria are helpful “to the 
extent that they mark a step in the 
right direction, because a _ written 
policy is better than an oral one”; “it's 
encouraging because it’s not rigid and 
ironclad’; “they appear simply to 
clarify policies followed for some 
time: it is helpful to have them better 
defined, but they do not indicate basic 
changes”; “a move in the right direc- 
tion.” However none displayed any- 
thing approaching enthusiasm for the 
criteria. On the other hand, one 
said, “We regard this as a beginning 

. the guides are just a first step in 
the direction of a philosophy that is 
a good one; further refinements— 
that is, greater understanding be- 
tween AEC and the utilities—should 
result in more definite criteria.” 

It was pointed out that not only 
were the criteria intended as guides 
rather than rules, but furthermore 
that the table of distances at which 
reactors should be located from cen- 
ters of population (NU, March ‘61, 
23) were not even part of the guides 
but rather part of the hypothetical 
example furnished as an appendix to 
the guides. Thus, these distances 
are considered to be that much less 


firm, that much more merely a point 
of departure. 

But one respondent warned that 
the criteria, needed for planning 
guidance, are “a standard of judging, 
not of judgment—but once criteria 
become established there is a danger 
of their being considered as rules. 

A minority found the criteria 
“somewhat negative.” “They are 
going to have the effect of slowing 
down, and thus discouraging to that 
degree, the development of nuclear 
power generating plants,” said one, 
“in fact this has already happened: 
heating plants are out of the picture 
with these new criteria.” Com- 
mented another: “The new criteria 
appear unrealistic in the light that 
they were initiated under panic con- 
ditions, and secondly, that the belt 
can again be tightened at the least 
provocation. Little planning can be 
done under these uncertainties.” 

In summary, as one executive put 
it, Yar is satisfactory, and the 
problem is not to allow the AEC 
criteria to become hard and fast rules 
that cannot be changed or amelio- 
rated with proper justification at later 
stages.” 

2. Do the terms of the criteria affect 
your company’s future plans in any way? 
How? 

Most replied “no” to this question 

the companies that have nuclear 
power projects in the planning stage 
are still going ahead, and those hold- 
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ing back are deterred for other rea- 
sons, primarily economic; no evidence 
was uncovered of any utility dropping 
tentative consideration of an atomic 
project because of the site criteria. 

On the other hand, a few voices 
did express concern that the criteria 
would have the effect of choking off 
some nuclear power projects that 
might otherwise have blossomed in 
future. “It is conceivable that future 
expansion of nuclear facilities could 
be curtailed,” as one put it; “we can 
well see how these arresting char- 
acteristics could impede other utilities 
throughout the country in their nu- 
clear construction or expansion pro- 

ams.” Declared another: “We 
don’t think it will have any effect on 
current research-development _ proj- 
ects, but it may prohibit the con- 
struction of prototypes now in the 
thinking stage.” 

3. A question on the mills/kwh 
penalty that observance of the site 
criteria might entail brought little 
light, nearly all respondents saying it 
was impossible to determine. 

4. The effect of the criteria on 
research-development work in nuclear 
power was also believed to be negli- 
gible or “none whatsoever,” although 
one comment stated that “rigid ap- 
plication of any criteria would have 
the effect of stifling research and de- 
velopment to a certain degree,” and 
another, “These criteria will slow up 
research and development very dras- 
tically, to the point where it will be 
difficult to note any progress at all.” 

5. A question was asked whether 
AEC’s safety philosophy would prove 
an insuperable obstacle to making 
nuclear power economic (the philos- 
ophy of attempting to hold reactor 
accidents to absolute zero, rather than 
to merely a reasonable minimum while 
accepting industrial risk as do the 
chemical, conventional electric power, 
and other industries). 

Quite a few expressed the view 
that the criteria and the philosophy 
that gave rise to them are subject to 
change, and that “with more first- 
hand knowledge and experience, it is 
entirely possible we may have a 
whole new set of criteria”; “experi- 
ence may reveal an acceptable com- 
promise.” “I don’t think the present 
safety philosophy will seriously affect 
long-range prospects of nuclear power, 
because I’m sure it will be modified 
as experience is gained. I’m confi- 
dent that it will be modified, loosened 
up.” The only U. S. utility now plan- 
ning its third power reactor project 
declared, “Site criteria are not an in- 
superable obstacle to economic nu- 
clear power in the territory of the 
Pacific Gas & Electric Company.” 

But another sizable group betrayed 
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Criteria Feared by Japanese 


An unusual perspective—from an 
unusual, external, vantage point—on 
issues usually assumed to be between 
only the U. S. government and U. S. 
industry, was given when two Jap- 
anese _ industrialists half-seriously 
lodged an appeal to AEC through 
NUCLEONICS not to adopt the re- 
actor site criteria. 

The industrialists, leaders of a 
traveling mission here to survey U. S. 
materials testing reactors (one an of- 
ficial of a leading Japanese utility, 
the other of a top Japanese reactor 
manufacturer), said they wanted to 
ask the U. S. government not to 
adopt the criteria because “the U. S. 
is the world leader in atomic energy; 
if the U. S. adopts these guides, the 
Japanese government would be very 
strongly influenced to adopt them 
also, and Japanese industry would be 
bound by them. And while we feel 
most U. S. companies will complain 
about their severity, their cause for 
complaint is not comparable with 
ours. Most of them will be able to 
find sites; for Japanese companies the 
only available sites in sufficiently low 
population zones would be in Hok- 
kaido [Japan’s north island, separated 
from Honshu, the main island, by 
Tsugaru Strait—and from the Tokyo 
area by some 500 miles]. In that 
case nuclear power would be almost 
prohibitive. For us it’s a matter of 
life or death.” 











restiveness at over-design for safety, 
and used some striking metaphors to 
make their point: “The utilities of the 
U. S. are extremely cognizant of their 
responsibilities in respect to public 
aa employee safety . . . [but] these 
features can get out of hand—such 
as three emergency brakes on an 
automobile. Steps should be under- 
taken to eliminate these extraneous 
safety devices which only build up 
the cost and do nothing toward the 
end result.” “Safety precautions are 
vital and essential, but they could be 
carried to a ridiculous extreme.” 
“Right now we are asked to build 
safety factor on safety factor on safety 
factor, like being guarded by a police- 
man who's guarded by a policeman 
who’s guarded by a policeman. As 
soon as we find out how safe these 
plants are we feel AEC will relax 
these requirements ~ Shel 
certainly indicates we are over-con- 
taining insofar as the environment is 
affected.” 

Another group contented itself with 
acknowledging that safety and a 
philosophy of designing against a 
maximum accident certainly does 
make nuclear power more expensive, 
but that it is impossible to foretell 
how great will be this obstacle in 
view of uncertainty about future 
trends in fossil-fuel costs, etc. Two 


respondents denied that the AEC 
philosophy is aimed at zero accident 
rate: “certainly the safety regulations 
are stringent, but I think part of the 
problem is due to lack of experience”; 
“we do not feel that AEC site criteria 
are, or have been, unreasonable, tak- 
ing into account the relatively short 
period of experience.” 

6. Is nuclear power moving toward re- 
mote locations only, in your opinion? 
If so, will the economic use of nuclear 
power be delayed thereby? by how 
much? 

Answers were fairly evenly divided 
between those who see it as “apparent 
that sites are becoming more and 
more remote,” and those who deny 
this: “no, this is temporary until more 
experience is gained”; “I don’t think 
that in the long run nuclear power 
plants will be moved strictly to re- 
mote locations because that would be 
a highly undesirable result”; “I don't 
think nuclear power is moving toward 
remote locations only. It shouldn't 
have to with the containment require- 
ments that are now a part of that 
total picture.” Commented PG&E, 
“There is nothing to indicate that fu 
ture plants will be situated at places 
more remote from load centers than 
those already operating or under con- 
struction. We believe that satisfac- 
tory sites nearer to load centers will 
be found as experience increases and 
nuclear power plant technology ad- 
vances. We believe that PG&E’s de- 
velopment and utilization of pressure 
suppression containment is a signifi- 
cant step in this direction.” Said 
LADWP, “Any site that had to be 
than 30 or 40 miles from a 
center would postpone 


more 
population 
nuclear power.” 

One final comment, putting a fresh 
twist on one possible effect of remote 
location, bears repeating: “I think the 
term ‘remote’ needs clarification. If 
you are really talking about ‘remote’ 
it seems to me you get into all kinds 
of problems. If you're talking ‘re- 
mote’ within the framework of the 
present site criteria the end result 
would be to lead utilities to build 
larger plants and these plants of 
course are more likely to produce 
economic power at an earlier vite.” 
Only two respondents ventured a 
the time sae by which 


guess on 
ear power might 


economic use of nuc 
be delayed by remote siting. A 
LADWP official said, “If the site 
requirement went beyond 100 miles 
it could delay a plant by perhaps 
4-7 years. But the regulations are 
not pinning us down in terms of mile- 
age. And distance is not as impor- 
tant as the meteorological conditions.” 


Another conjecture was “anything 
from 5 to 20 years—it depends on 
how remote ‘remote’ is.” This re- 
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spondent went on to say, “The table 
doesn’t really say you have to be ter- 
ribly remote, but I'm afraid they 
mean they want to be more remote 
than the table says.” 

7. A question whether recent siting 
problems (Pt. Loma, Haskell Canyon, 
Jamestown, N. Y., Camp Pendleton) 
had affected utilities’ attitudes brought 
the closest thing to unanimity in the 
survey: “no.” 

8. How has the SL-l 
fected your attitude toward 
power? 

Almost as unanimous a response of 
“no effect” came on this question. 
Several pointed out that the “design, 
construction and operation” of SL-1 
so distant from those of a cen- 
tral station power plant that there 


accident af- 
nuclear 


were 


should be no effect on the power 
industry. “The Arco mishap isn't 
typical. It was an experimental op- 
eration,” said a utility leader. “We 


will profit by the experience,” re- 
marked another; “it was a remarkably 
long time in the development of nu- 
clear generating facilities before = 
accident occurred,” said a third; 

again points up the necessity for Boy 
4 fourth. The 


ter desis ons, said a 


accident “was unfortunate, but in any 
new art accidents are bound to hap- 
pen. It hasn't caused us to change 


our thinking, nor have we heard any 
protest to our nuclear plans because 
of the SL-1 incident,” said one com- 


first reactor. On 
the other hand, a prominent abstainer 
from said, “Our wait- 
and-see 1S strengthened.” 


pany planning its 


atomic power 
attitude 
9. Regarding the company’s own 
plans for possible addition of nuclear- 
generated capacity, no surprises, no 
new incipient projects, came to light. 


Closest to a_ break 


was this, from 
Consumers Power Co. of Michigan, 
now halfway through construction of 
its first nuclear plant at Big Rock 
Point: “We will have to study the 
Big Rock Point project in its entirety 
before ?— ry new nuclear activity. 
Howeve “is Raat will have a 
cadre of trained people, it will have 
had the experience of putting a nu- 
clear plant on stream, it will have 
gone through legal procedures and 
met AEC requirements. In other 
vords, the compan\ would be in an 
excellent position to take on another 
nuclear project r 
Said LADWP which just two 
months ago dropped its plan to 
build, with AEC, a 50-Mwe Im- 
proved-¢ ycle Boiling Water Reactor 
at Haskell Canyon, Calif.): “The 
Dept of Water & Power is still an- 
ticipating going ihead with plans for 
i full-scale nucleat plant We expect 
have a complex of two or three 
unit f 250 to 350 Mwe each. Our 
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FINISHED FERMI FAST BREEDER: Many survey respondents mentioned importance 
of forthcoming Supreme Court decision on validity of AEC approval of Fermi site. 
Nuclear industry is in suspense awaiting decision 


original thought was to have the first 
unit completed in 1967 or 1968. If 
we can keep the site within 100 miles 
of the population center it is still 
possible that we could hit within 
those target dates.” 

Likewise, Southern California Edi- 
son said it was “still hopeful of ne- 
gotiating the site at Camp Pendleton 
for our 360-Mwe plant.” 

Said a Boston executive, “New 
England Electric System announced 
some years ago [NU, Dec. '56, R3] 
that it was planning to build a large 
nuclear power plant for completion 
in the mid-60’s. There has been no 
change in this thinking.” However 
officials of the company said it was 
conducting no active planning or 
work on the second project yet. 

10. With AEC proposing no new 
civilian reactor starts for the second year 
running, how serious do you think is the 
outlook for the U. S. nuclear power pro- 
gram? When do you expect to see an 
upturn? What do you think is re- 
quired to trigger it? 

Sober, guarded optimism  out- 
weighed pessimism by about three to 
one. Enthusiastic optimism was com- 
pletely missing—hardly surprisingly. 
Some examples of the flavor of com- 
ments on how the ultimate customer 
for nuclear power feels about it today: 

“Do not think outlook for U. S. nu- 
clear program is serious. Such a 
gigantic, complex development takes 
time, and is not to be accomplished 
properly overnight.” 

“To us, the ‘no new starts’ is not 
important. The real key to economic 
nuclear power is the development of 
adequate low-cost fuel cycles. That 
work is going ahead in some areas, 
and lagging in others. Such devel- 
opments in fuel as are achieved can 
be tested and demonstrated in present 
reactors and those under construction.” 

“Perhaps there haven't been new 
starts, but not because the utilities 
aren't trying. There is a lot of nego- 
tiating going on. There is a lot 
of research going on . When peo- 
ple piece these activities together, 


there will be a substantial upturn in 
nuclear generation activity .. . We 
are substantially optimistic.” 

“Most significant element today is 
the accumulation of operating experi- 
ence on those plants that are now 
under construction and those whose 
operations have ne | recently started. 
When the industry has had an oppor- 
tunity to review the experience, 
can then consider the construction Ke 
a second generation of plants.” 

“The nuclear power development 
program in the U. S. has been orderly. 
Adequate progress is being made. 
Economic nuclear power will be avail- 
able when it is needed, where it is 
needed, throughout the U. S.” 

“Forecasts on nuclear power cost 
haven’t been too far out of line, but 
forecasts on fossil fuel were so com- 
pletely wrong they have gone down 
instead of up. Nuclear is right on 
the borderline of breaking through, 
being justified pllcrcnes What 
is needed to trigger upturn is an in- 
crease in the price of coal and oil!” 

“We think the U. S. nuclear power 
program is in pretty good shape.” 

On the other side of the coin: 

“The outlook for nuclear power 
isn't bright. I think any upturn is 
going to depend on Federal govern- 
ment participation. The st gens 
itself might even have to build some 
of the prototype plants because no- 
one else seems to be rushing to do it.” 

“As a general rule, the industry 
feels that the present world abun- 
dance of fossil fuels leaves not much 
incentive for nuclear power produc- 
tion. It seems that it would take a 
shortage of fossil fuels to trigger an 
upturn in nuclear power, and we have 
no way to predict when that might be.” 

“The present outlook for the total 
nuclear power program is not one of 
optimism. A reversal of this trend 
will be accomplished when the three 
parties involved (government, indus- 
try, utilities) begin working together 
toward one common goal: a safe low- 
cost method of producing electricity” 
from nuclear energy. 
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No Early Change Foreseen in Washington 


No sweeping changes are in sight for the Civilian Reactor Develop- 
ment Program, at least in the first year of the Kennedy Administration. 


This is the outlook after the 

For public power groups, labor 
heretofore hopeful that the Demo- 
cratic President Kennedy and a 
new AEC Chairman (Glenn T. Sea- 
borg) would bring with them as- 
surances of a faster move toward 
economic nuclear power, the news is 
hardly consoling. 

Their fear is that unless high-level 
policy decisions are made immediately 
to mark out basic technology and 
economic power objectives, AEC’s 
Civilian Reactor Program (against a 
current background of plentiful fossil 
fuels) may run out of steam within 
2-3 years. 

So far White House thinking has 
not advanced to a solid position one 
way or the other on the importance 
of federal support for a major nu- 
clear electricity generation program. 
This situation leaves the immediate 
shot-calling squarely where it tradi- 
tionally has been, in the hands of 
AEC and the Joint Committee on 
Atomic Energy (see editorial page 
136). 

The attitude of AEC and JCAE 
decrees no new or dramatic unveiling 
of another national policy statement 
for accelerating current programs. 
But their present efforts show that 
some things are being done to, at the 
least, ene the program moving and 
even accelerate it a little—in the areas 
of both program direction by the 
Division of Reactor Development and 
in the authorization of reactor con- 
struction projects by JCAE for fiscal 
year 1962. 


AEC Review, Reorganization 

AEC indicated at Congressional 
hearings earlier this year a certain 
amount of displeasure with the exist- 
ing Cooperative Power Demonstra- 
tion Reactor Program, particularly 
“the reluctance of most utilities to 
accept the financial burden” of second 
and third round ground rules. Com- 
missioner Robert S. Wilson has taken 
primary responsibility for the Com- 
mission in reviewing the Cooperative 
Program to determine modifications 
for strengthening future partnership 
round projects, while Chairman Glenn 
T. Seales familiarizes himself with 
specific objectives of the over-all 
civilian reactor program. 

Seaborg has given his endorsement 
to continued participation by both 
public and private utilities in any 
federal outlay for power reactor con- 
struction. = feowalt esq he is starting 
visits to reactor field installations pre- 
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“first 100 days” 


of the new Administration. 
unions and reactor manufacturers, 


to calling the Commission 
together to identify and consolidate 
power reactor goals. The Wilson re- 
view thus far has found: 

® Lack of evidence to alter signif- 
icantly conclusions and recommenda- 
tions of the 10-year development pro- 
gram, or to change its status as the 
basic technical guidance document. 

© Implementation of the 10-year 
program will continue under 
type of partnership ground rules with 
utilities, rather than by federal con 
struction of prototypes exclusively. 

@ The domestic civilian power pro- 
gram is at a point where the fruits of 
several years of labor are about to be 
gained, from start-up and near start- 
up of a number of projects. Con- 
sequently, no fundamental changes in 
present ground rules should be recom- 
mended which would disturb the ad- 
vantages of this position. 

AEC’s Reactor Development div., 
meanwhile, is studying the possibility 
of expanding its civilian reactor staff, 
which is thought undermanned in 
comparison to military reactor sec 
tions. No specific proposal has been 
made to the Commission as vet, how- 
ever. The American Public Power 
Assn. has recommended establishment 
of a separate Civilian Power Reactor 
Development Div. which would be 
concerned exclusively with pressing 
power reactor development. 

Also, Reactor Development Chief 
Frank Pittman has been considering 
the creation of two new civilian re- 
actor posts in DRD: one for conceiv- 
and encouraging demonstration 
reactor projects; the other to see that 
they are carried through construction 


paratory 


some 


ing 


Reactor Policy 


after AEC and Congressional ap- 
proval. 
Congressional Attitude 

Chairman Chet Holifield (D- 


Calif.), assuming leadership of JCAE 
just as the Kennedy Administration 
begins to pick up speed, also is 
recommending no substantial depar- 
ture this year. A minor modification 
of present procedures, under which 
non-water reactor prototypes would 
be AEC-financed, may be advisable, 
according to Holifield. 

He is satisfied that the AEC fiscal 
1962 construction budget—rounded 
out by Kennedy’s recent $93.8-million 
additions (see page 21)—constitutes 
a “creditable program.” 

Holifield denies that there will be 
re-introduction of Gore-Holifield-type 
legislation for an accelerated federal 


reactor prototype construction pro- 
gram. There have been persistent 
rumors, however, that -a labor-public 
power campaign is seeking White 


House support for reviving the 1956 
bill, which was narrowly defeated in 
the House. 

Excellent 
the White House 


rapport exists between 
and Holifield who 
also acts as chairman of the House 
Study Group. This is an 80-odd 
member bloc of liberal Democrats 
who have banded to help pass legis- 
lation proposed by the President. 
Holifield, therefore, holds an oppor- 
tune position for assessing priorities 
for nuclear construction projects with 
Pres. Kennedy and to 
for his proposals from both the Execu- 
tive Branch 


gain consent 
and Congress. 

However, Jerome B, Wiesner, Ken- 
nedy’s science adviser, is considered 
a formidable rival to Holifield on nu- 
clear policy decisions reached at the 
White House. Wiesner, according to 
some in Washington, had considerable 
influence in the decision to kill the 
nuclear airplane (page 22). 


AEC studying new reactor use; Page leaves Army program 
Selected companies were asked by AEC to propose Apr. 17 


on a new idea for military nuclear power. 


AEC wants a 4-6 


months’ study conducted on the mating of mobile nuclear power 
(as an “energy depot”) with new direct-conversion systems which 
might feasibly be employed in vehicles and other equipment. 
Thus the contractor to be selected would report back on both the 
best prospective reactor system and the systems which might best 


use the reactor power either direc tly or in stored form. 
Meanwhile, Col. W. C. Gribble is expected to assume direction 


of the Army Nuclear Power Program July 1 
Page, who has left for an Engineer Corps post in Dallas. 


, succeeding Col. G. B. 
Lt. Col. 


Henry C. Schrader is acting director until Gribble takes over and 
Melvin A. Rosen, a former branch chief, has been named deputy 


director of the program at AEC 


the first civilian to hold this post. 
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ANP Killed; Hanford and Stanford Funds in Amended Budget 


The on-again, off-again Aircraft 
Nuclear Propulsion program came to 
the end of the road last month, 
dropped entirely from President Ken- 
nedys amended fiscal-’62 budget. 
Included in the new budget are funds 
for conversion of the Hanford New 
Production Reactor to dual-purpose, 
and for construction of the two-mile- 
long Stanford accelerator. 

All that remains of ANP, a $150- 
million/yr program in recent years, is 
a $25-million item in the amended 
fiscal-’'62 budget for high-temperature 
high-performance reactor research, 
some of it at existing ANP plants, 
though not for ANP itself. 

Left over in the wake of a 15- 
year, $1-billion effort, are vast and 
far-flung special-purpose facilities and 
laboratories valued at about $175.2- 
million. Eliminated are some 7,028 
jobs in seven states—2,755 working for 
Air Force contractors, 4,183 for AEC 
contractors, and 90 AEC employees. 
Breakdowns: Evendale, Ohio (Gen- 
eral Electric), 3,552 (1,580 on AF 
contract, 1,900 on AEC contract, 72 
AEC); National Reactor Testing Sta- 
tion, Idaho (General Electric), 511 
(105 on AF contract, 400 on AEC 
contract, 6 AEC); Middletown, Conn. 
(Pratt & Whitney), 2,480 (735 on 
AF contract, 1,733 on AEC contract, 
12 AEC); West Palm Beach, Fla. 40 
on AF contract; Fort Worth, Texas 
Convair division, General Dynamics), 
240 on AF contract; Dawsonville, Ga. 
(Lockheed Aircraft), 55 on AF con- 
tract; Oak Ridge National Laboratory, 
150 on AEC contract 

AEC sent cancellation telegrams to 
both GE and P&W directing the con- 
tractors to discontinue all ANP work. 

Rep. Melvin Price (D-Ill), stunned 
at President Kennedy's cancellation 
of ANP only a few days after a meet- 
ing with the President had given no 
warning of such drastic action to 
come, said he still believes Russia will 
soon fly On that 
day, he predicted, “the same people 
who advised termination of the ANP 
program will turn around and recom- 
mend startup of a crash program.” 
Price, long-time defender and _prin- 
cipal champion of ANP, blamed the 
continued opposition and prevailing 
philosophy of former Director of De- 
fense Research & Engineering Herbert 
York and of the Air Force Scientific 


a nuclear plane. 


Advisory Board as being primarily 
responsible for killing ANP. He said 
the Joint Committee on Atomic 


Energy would continue to keep a 
close watch and to conduct periodic 
hearings, looking toward the time 
when a flight program once again could 
be revived and effectively pressed. 
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Gen. Irving F. Branch, head of 
ANP for both AEC and the Defense 
Dept., said regretfully that 1960 was 
the only year in which the program 
ran in one direction for an entire 
year and with a really strong effort, 
working with hardware. He repeated 
his prediction of last summer (NU, 
Sept. ’60, 25), stating that both the 
direct-cycle and indirect-cycle nuclear 
engines would have been able to fly 
a plane in 1965. 

“We have no sour grapes, no bitter- 
ness,” he said. “If the boss says kill 
it, we kill it—our job is not to find 
ways of reviving it. Only I have a 
firm conviction that this thing is use- 
ful and that some day we will have 


to come back to nuclear flight.” 


Convert ANP for Land Power? 

Construction of an experimental 
power reactor using aircraft reactor 
technology is now being considered 
at AEC. Such a unit would probably 
be an indirect-cycle unit, as “the one 
from which more valuable informa- 
tion might be claimed.” The reactor, 
at an estimated cost of $18—20-million, 
would probably be built by Pratt & 
Whitney, developer of the indirect- 
cycle approach in ANP. Such a re- 
actor would probably be molten 
lithium cooled, with a primary circuit 
made entirely of niobium to contain 
the lithium. 


Amended Budget Up $30.1-Million; 2d Antarctic Reactor 
Asked; Funds Increased for Rover, SNAP, Naval Program 


President Kennedy's amendments 
to AEC’s operating and construction 
expenses for fiscal 1962 appear headed 
for successful passage by Congress in 
the coming legislative action on the 
federal budget. The President's pro- 
posed $30.1-million increase—lifting 
the AEC budget from the Eisenhower 
recommendation of $2,598,050,000 
to $2,628,150,000—substantially meets 
requirements for a “creditable pro- 
tram” specified by Chairman Chet 
Holifield (D-Calif.) of the Joint Com- 
mittee on Atomic Energy. 

Holifield had said Hanford NPR 
generating equipment (see p. 23), the 
Stanford 10- to 20-billion electron 
volt linear accelerator, and several 
past-year reactor authorizations on 
which construction had not started, 
should be included in AEC’s building 
program. The President recommend- 
ed all items in the Holifield list and 
added $7-million for a second Ant- 
arctic reactor at Byrd station for good 
measure, 

Estimated cost of the Hanford 
powerplant is $95-million (not, of 
course, included is the $145-million 
cost of the reactor). The Kennedy 
amendments ask for $60- of the $95- 
million of this amount to get work 
started on converting the plutonium 
production reactor to dual-purpose 
electricity generation on July 1. AEC 
estimates total Stanford costs at $107- 
million, of which the administration is 
requesting $26-million in fiscal 1962. 

Included in the amended budget is 
a request for 10 additional Polaris- 
firing submarines and for a construc- 
tion speedup in those already ordered 
(see p. 25). 

Whether the Joint Committee will 
write into AEC construction authoriza- 
tions a second reactor project for a 
remote military site reactor—possibly 


at Guam—is debatable in view of the 
healthy $93.8-million total increase 
already asked by Kennedy for the 
nuclear construction program. There 
was no AEC request for the Guam 
reactor in its budget studies prepara- 
tory to the recent Presidential amend- 
ments. 

The boost in the construction por- 
tion of AEC’s total budget raises the 
January (Eisenhower budget) _— 


of $174.95-million to $268.75-million, 
an increase of $93.8-million. Other 
projects include Project 


benefitin 
Rover (nuclear me $5-million for 
additional test facilities; Oak Ridge 
Experimental Gas Cooled Reactor, 
$6-million; BORE (Beryllium Oxide 
Reactor Experiment, first reactor step 
in developing a Maritime Gas-Cooled 
Reactor), $8-million. 

Operating expenses of $2,423-mil- 
lion in January were decreased in the 
Kennedy budget by $63.7-million. 
Of the latter figure, termination of the 
ANP program accounts for $35-million. 
Fissionable material production and 
weapons fabrication decreased by 
$32-million, and carryover funds of 
previous year projects (accruing 
largely from contract renegotiation 
savings) resulted in a further $26.7- 
million reduction. Offsetting in part 
these operating decreases are in- 
creases in other areas of reactor de- 
velopment ($3.5-million more for 
naval reactors, $6.5-million more for 
SNAP, $5-million more for Rover 
operations, etc.) and $7.73-million 
more for physical and life sciences 
research including oceanography. 

The total $63.7-million operating 
decrease subtracted from the $93.8- 
million construction increase netted 
the $30.1-million over-all budget 
addition. 
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White House Reviews Nuclear Rocket; 7 Engine Bids Filed 


The nuclear-rocket program passed under what could become a dark 
cloud last month when the White House confirmed that an ad hoc 
committee was reviewing the program for Jerome Wiesner, scientific 
adviser to President John F. Kennedy. The review may or may not 


result in a favorable report on the 
urgency of the nuclear-rocket 
effort: but the mere fact of the re- 
view, coming just as the review- 
riddled nuclear airplane was being 
shot down (page 21), lent a definite 
note of apprehension to it. 

For one thing, it was the first major 
review of the, nuclear-rocket program 
by an outside group, thus ending a 
period of “freedom from review” of 
this project; for another, there was 
fear that even a generally favorable 
report might call for a change of 
direction that would get the present 
program, which is approaching engine 
development (see below), off course; 
and, finally, the review is a broad 
one covering the basic role of nu- 
clear rocketry in the future U. S. 
space effort and any adverse report at 

is point could have a long-range 
effect on the development program. 

Nevertheless, most government and 
industry observers of the review felt 
the review committee would recog- 
nize that the nuclear rocket was 
urgent. They noted that Wiesner, in 
selecting the review group, had said 
he was trying to be open-minded and 
had tried to organize the committee 
with about equal numbers of neutrals 
and those a and against. The 
members: Harvey Brooks of Harvard, 
chairman; Walter Zinn, Combustion 
Engineering; Stanislaus Ulam, Los 
Alamos Scientific Laboratory; Arthur 
Biehl of Mainhard-Biehl Associates; 
Theodore Merkle of Lawrence Radia- 
tion Laboratory, Livermore; Allen 
Donovan of Aerospace Corp.; Berndt 
Matthias of Bell Laboratories; Eugene 
Wigner of Princeton; and William 
Graham of Rand Corp. Secretary to 
the committee—strictly an ad hoc 
group—was Spurgeon Keeney of the 
White House staff. 

Sen. Clinton P. Anderson (D-N.M.), 
who has had a series of meetings with 
Wiesner in an attempt to head-off 
action detrimental to the nuclear- 
rocket, said he was satisfied that the 
Brooks Committee would conduct a 
fair review. Meanwhile, JCAE has 
brought in Clark Goodman, formerly 
of AEC’s Reactor Development div., 
as its own one-man review committee. 


Seven Nerva Proposals 

Meanwhile, seven firms or groups 
proposed to AEC/NASA’s Nuclear 
Propulsion Office (NPO) on a first- 
phase contract expected to lead to 
development of a _ nuclear-rocket 
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engine (Project Nerva). Proposals 
were filed Apr. 3 by: Aerojet General 
Corp., teamed with AMF Atomics 
(assembly, disassembly, etc.) and 
Bendix Aviation (control-rod actua- 
tors); American Metal Products Corp., 
Ann Arbor, Mich.; General Electric 
(GE has a nuclear rocket task force 
coordinating the activities of two 
rocket groups—one within the Air- 
craft Nuclear Propulsion dept., the 
other in the Flight Propulsion dept.) ; 
Pratt & Whitney; Rocketdyne div. of 
North American Aviation, with its 
sister division Atomics International 
reactor) and ACF Industries, Albu- 
querque, N. M. (assembly, dis- 
assembly, etc.); Thiokol Chemical 
Corp., as prime for the Talant group 
(Allison div. of General Motors, 
Linde div. of Union Carbide, and 
NDA div. of United Nuclear Corp.) ; 
and Westinghouse Astronuclear Lab, 
with Bell Aerospace Systems doing 
some engine work. 

There were indications that NPO 
was leaving itself free to select given 
members of proposing teams, rather 
than an entire team or a single com- 
pany proposal, and that the overall 
goal was to get an engine contractor 
or team into the program by early 
this summer. The initial contract is 
to cover no more than a year and in- 
clude preliminary engine 
study of an engine-development pro- 


design, 


gram, certain development tasks on 
non-nuclear components and support 
of Los Alamos in the Kiwi-B series. 

LASL officials, extremely optimistic 
about their progress in reactor de- 
velopment to date, will run one more 
gaseous-hydrogen experiment _ this 
fall at Jackass Flats, Nev. If this is 
successful, a series of liquid-H ex 
periments will get underway early in 
1962; a total of 4-5 experiments, or 
as many or more than will have been 
conducted through 1961, are to be 
run during 1962. LASL hopes that 
midway through this series—or after 
two liquid-H runs—it will have a re- 
actor it can hand over to an engine 
contractor. If so, it appears likely 
that a nuclear rocket could be avail- 
able for flight-test by 1965-66, pro- 
viding adequate development funds 
are available. A LASL official 
summed up the reactor-development 
program this way last month: 

“We think we have made 
good progress. But that doesnt 
mean we haven't got problems. 
We haven't touched liquid hydrogen. 

It all depends on one’s degree 

of optimism as to how the [coming] 
tests will go. . . . I think there’s a 
legitimate reason for trying to speed 
up nuclear rockets. That is: If they 
are successful, they may save time 
and money that you would have had 
to spend if you had to develop chemi 
cal rockets to do the job nuclear 
rockets would do 

“From that standpoint, I don't 
think there’s bad about 
bringing in an engine contractor, no 


very 


anything 


matter what shape youre in.” 
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Marshall Supporting Nuclear Vehicle Studies 


NASA’s Marshall Flight Center, Huntsville, Ala., has recently received pro- 
posals from industry for studies of three rocket configurations using nuclear 
The configurations, all tentative because nuclear-engine 
technology is just in its infancy, are known as Saturn D-1, D-2 and D-3. 
Saturns D-1 and D-2 would use nuclear rockets of different power levels as 
third stage vehicles; Saturn D-3 would use nuclear vehicles as both second 
Power levels for the nuclear vehicles, also tentative, would 
begin at 1,000 Mwe for Saturn D-1 and go up from there to D-3. 
ably, the studies, on which airframe companies are bidding, would involve 
integration of these nuclear rockets with Saturn first and second stages. 
Saturn is scheduled to be operational in 1964 and target for flight-test of nu- 
clear rockets riding on Saturn boosters is 1966-67 (story this page). 

In mid-March, Marshall, which is to manage flight-testing of Saturn/nu- 
clear-rocket complexes for NASA, announced the award of three contracts for 
broader studies involving nuclear vehicles. 
a dozen Saturn configurations involving liquid chemical fuels, solid fuels, and 
nuclear fuels; both upper stage and booster nuclear vehicles are to be in- 
NASA said the study considerations included: optimum use of nu- 
clear propulsion in large rockets; combination of liquid chemical and nuclear 
propulsion; desirability of attempting to recover and re-use boosters; conven- 
tional tandem staging versus parallel staging; and pressure-fed versus pump- 


The contracts went to Convair div. of General Dynamics Corp., $130,017; 
Lockheed Aircraft’s Georgia div., $136,743; and North American Aviation, 
The studies are to be completed in August. 


Presum- 


The studies are to cover about 








. 
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FPC Study Backs Administration Decision to Convert NPR 
to Dual Output of Electricity, Pu: 650-753 Mwe Expected 


Convertibility of the Hanford New 
Production Reactor (NPR) to a dual- 
purpose plutonium and _ electricity 
generation facility is still valid and 
economically feasible, according to an 
updating study by the Federal Power 
Commission. 

The updated estimate is contained 
in a background report released by 
the Joint Committee on Atomic 
Energy last month. JCAE’s back- 
ground report contains five other past 
feasibility studies on NPR converti- 
bility-to-power economics. The re- 
port will be used in coming Congres- 
sional action to support construction 
of the generating facilities, recom- 
mended by President Kennedy’s re- 
cent amendments to the AEC budget 
for 1962 (see page 21). 

FPC’s latest judgment of feasibility 
estimates that the $95-million cost 
of the electric plant plus all operating 
costs will not exceed the value of the 
power which will be produced. It 
also means that the government be- 
lieves there will be a market for the 
NPR power, and that its costs of gen- 
eration will not exceed the costs of 
power from alternate fossil fuel-fired 
and hydroelectric plants in the Pacific 
Northwest power area. 

FPC stuck by some contingencies 
included in its first report, however. 
Its latest findings thus are that NPR 
nuclear power will be no more costly 
than conventional fossil fuel or hydro 
power if plutonium continues to be 
needed and its price remains stable. 
(A disarmament agreement could 
effectively cancel major Pu require- 
ments.) Total costs of operating the 
NPR are classified to protect U. S. Pu 
production figures. They appear in 
a secret volume appended to the 
FPC study. Should forecasts of long 
term northwest power area require- 
ments, felt by FPC to be reasonable 





The reduction is due to information 
from turbine generator makers that 
the 786-Mwe generating capacity can 
now be delivered by two 393 mega- 
watt units instead of the three units 
earlier thought necessary. 

The plant factor of NPR changed 
in the FPC updating report. The 
plant factor during the 1964-72 dual 
purpose period was dropped from 
40% computed last year to 30%. The 
estimated decrease in energy that 
NPR is required to furnish through 
the Bonneville Power Administration 
grid in its first few years is due to 
increased storage of water for the 
Columbia River basin as a result of 
the U. S.-Canada Treaty. Load esti- 
mates also decrease for the area in 
this period. This means the NPR 
energy at a 30% plant factor in this 
time will cost more than alternate 
steam-electric power. 

A greater degree of economic 
feasibility for making NPR a power 
production facility, am, is the 
effect of over-all changes since last 


year’s study by the Power body. 

It was ie concluded that the most 
economic reactor would be one of 
650 Mw/(e) capacity during the 
1964-72 dual-purpose period of oper- 
ation, and 763 Mw/(e) capacity in the 
1972-97 power-only period. All 22 
reactor schematic arrangements in- 
vestigated by Burns and Roe, archi- 
tect-engineer consultant to the FPC 
study, with electrical capacity ranging 
from 271 to 842 megawatts, assume 
a reactor life of 35 years. 

The separate $145-million reactor 
construction authorized by Congress 
in 1958 is proceeding under Kaiser 
Engineers and General Electric. The 
reactor is due to start up in October, 
1962. A two-year “de Ussing and 
initial plutonium only production 
period is scheduled to show reliable 
continuous operation of the reactor. 
This is required for the generation of 
electrical energy, and would allow 

lutonium-electricity dual operation 

ginning in October, 1964. 

Secretary of the Interior Stewart 
Udall and Bonneville Power Admin- 
istrator Charles Luce have given their 
strong endorsement to the NPR 
power-conversion project. 


AEC moving toward clean-up program for SL-1 
AEC has begun exploring, with operating contractors and at 
least one private firm, the possibility of “cleaning up” and dis- 
mantling for study the core of SL-1, which has been sitting silently 
at the National Reactor Testing Station since the accident of 


January 3 (NU, Feb. °16, 17). 


AEC officials said last month 


it was not likely that Combustion Engineering would direct clean 
up of SL-1 because of AEC’s feeling that CE, as operator of SL-1 
and the company carrying out inspection of the reactor since 
the accident, should give way to a disinterested party. Idaho 
Operations Office of AEC was exploring clean-up possibilities with 
Sandia Corp. and other candidates among AEC’s operating con- 
tractors and with Hughes Aircraft Corp., which has asked to do 
the job with its Mobot remote-handling equipment. 

Meanwhile, AEC said that it had gone into the SL-1 tank in 


March with a blotter probe and found no water at the top of the 
core. Pending deeper probing, AEC was theorizing that the core 
was probably dry and that “dismantling could probably proceed 
without introducing water [with boric acid] into the core.” 
Clean-up and dismantling procedures were not expected to be 
settled finally until an ad hoc committee on SL-1’s future use and 
disposition could review the situation and make some recom- 
mendations to the Commission. The committee is headed by 
Frank Pittman, director of AEC’s Reactor Development div. 

Late last month, AEC was trying to get deep into the SL-1 tank 
with a flexible probe designed to establish the depth of water in 
the tank, if any. The probe consisted of 41 plastic spools on a 
flexible line; the porous spools carried potassium-permanganate 
crystals, which turn purple on exposure to water. Each spool 
was | in. long, by % in. in dia. The probing crew was having 
trouble getting the line down into the core because of obstructions 
but was experimenting with television cameras positioned to 
permit jockeying of the line. 


possibilities, fail to measure up, the 
value of NPR power would decrease. 


Costs of Electricity 


At-site values placed on Hanford 
power based on steam-electric alter- 
nate sources over a 33-year plant life 
were $12.06 per kilowatt-year for 
capacity and 2.35 mills/kwh and 
$20.50/kwyr for energy for the first 
eight years of dual purpose operation. 
For remaining years of power produc- 
tion only, a capacity value of $9.60/ 
kwyr and energy values of 2.87 mills/ 
kwh and $25.14/kwyr were estimated. 

Hooking on power-production gen- 
erators now costs $17-million less (a 
change from $104-million to $87-mil- 
lion) than FPC estimated last year. 
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AEC Nearing Steps to Increase Industry Role in Program 


In January a year ago the then chairman of the AEC, John A. Mc- 
Cone, invited the U. S. Chamber of Commerce to form a study group on 
the role of private industry in the nuclear-energy program—with particu- 
lar attention to the question of industry’s getting a larger share of the work 


performed in AEC-owned facilities. 
Last month, after months of quiet 
negotiation with AEC, the Chamber's 
Task Force on Increasing the Role of 
Private Industry in the Government's 
Atomic Energy Program reported its 
first ~ of progress. They were: 

® The likelihood that AEC would 
accept the Task Force’s suggestion for 
creation of an office or division within 
AEC on commercial activities. No 
formal AEC action had been taken 
as of mid-March but AEC officials in- 
dicated that formation of a commer- 
cial-activities group could be expected 
this spring. 

® Probable establishment of a re- 
porting system, under which govern- 
ment-owned facilities would report to 
Washington on work they are sched- 
uling and the extent to which they 
considered assigning it to private in- 
dustry before deciding to do it “in- 
house.” The Chamber suggested that 
such a reporting system be set up by 
the proposed commercial-activities 
group. 

Industry observers of the Chamber- 
AEC negotiations have been quick to 
point out that the rcvanth com- 
mercial-activities group must be given 
division-level authority—under a man 
of stature—if it is to perform an effec- 
tive job. AEC has had two previous 
offices of this type—one in the early 
1950’s and the other three years ago 
—but neither was a particularly in- 
fluential force within AEC. More- 
over, the current “recession” in the 
nuclear-power business has given 
more urgency than ever to activities 
which lead to assignment of more AEC 
work to industry. 


The Background 


The Chamber Task Force was 
created in the spring of 1959 under 
the chairmanship of Philip N. Powers 
of Purdue Univ. and formerly of In- 
ternuclear Corp. (NU, May ‘60, 
29). Late in the year, after both 
formal and informal contacts with 
AEC officials (principally Commis- 
sioners Robert Wilson and Loren 
Olson), the Task Force submitted a 
proposed report to McCone. Among 
other recommendations, the Task 
Force suggested: 

“We invite the Commission’s con- 
sideration to the possible re-establish- 
ment of the Office of Commercial Ac- 
tivities. This would provide a staff 
with adequate status to fully investi- 
gate this problem [of increasing indus- 
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try’s role] and to find the best ways 
for the AEC to carry out its responsi- 
bilities in relation to the ‘free enter- 
prise’ objectives of the [1954 Atomic 
Energy] Act. We believe this work 
should be at this high level within 
the AEC staff, because the develop- 
ment of commercial activities affects 
the program of all of the operating 
divisions of AEC. 

“We believe that AEC should be 
receiving regular reports from its field 
offices on work they are considering 
doing in government-owned facilities 
These reports should include, for each 
job that exceeds a certain dollar value, 
the following information: a brief de- 
scription of the job; an estimated dollar 
cost of doing the job; what was done 
to determine industry’s interest and 
capability to do the job; why con- 
sideration is being given to doing the 
job in government-owned facilities.” 

Acting Chairman John Graham re- 
plied for AEC on Jan. 27, a week 
after McCone left office. Graham’s 
reply was both sympathetic and un- 
usually frank. “I am sure you real- 
ize,” he told the Chamber, “that un- 
der the Atomic Energy Act the 
Commission’s primary objectives must 
be the development and production of 
weapons and the conservation of dol 
lars.” The “conservation of dollars” 


objective has been a_ particularly 
crucial factor in some AEC decisions 
on whether to assign work to indus- 
try. Graham continued: “Of course, 
this does not mean that the Commis- 
sion is not strongly interested in im- 
plementing the free-enterprise policies 
of the Federal Government in every 
way possible.” He said both the 
commercial-activities and _reporting- 
system suggestions of the Task Force 
had “merit” and were being seriously 
studied by AEC. 


AEC Contractors 

Graham also commented: “I might 
mention that I think the Chamber has 
a problem with industry itself, mainly 
as large companies operate our large 
government-owned installations. The 
attitude of our cost-plus-a-fixed-fee 
contractors, who perform much of the 
procurement for the Commission, does 
affect the extent to which other pri 
vate industry can have the opportunity 
to do some of the work. In other 
words, you might examine to what 
extent a large company operating an 
AEC-owned facility can foster work 
to be done by private industry, other 
than in the AEC-owned facility.” 

The Task Force, recognizing that 
it must deal with AEC's operating 
contractors, as well as AEC. itself, 
was turning its attention to this area 
of competition. The group intends 
to continue its contacts with AEC on 
the proposals now pending but to give 
particular emphasis to the operating 
contractor “attitude” noted by Graham. 





Assn. 


chairman is named. 





The Committee’s objectives include: pooling information on programs being 
undertaken by each group in “current and potential areas of competition in 
the nuclear field”; coordinating and supporting activities of individual or- 
ganizations; and undertaking projects of mutual interest. “In the long range,” 
says a Committee statement, “economic development of nuclear energy will 
be accomplished by industry. However, situations have arisen within the 
past six years in which there is direct competition between private nuclear 
industry and government-owned facilities. Efforts to minimize such com- 
petition between the Government and industrial concerns should be under- 
taken now before the problem becomes more serious.” 


Inter-Industry Committee on Competition Organized | 


Four associations representing private industry, including the U. S. Cham- | 
ber of Commerce (see story this page), have completed organization of the | 
Inter-Industry Advisory Committee on Government Competition to coordinate 
and supplement the efforts of each of the four member groups in reducing | 
government competition in the nuclear field. The other members: National 
Assn. of Manufacturers, Edison Electric Institute and Manufacturing Chemists 


Representing each of these groups on the Inter-Industry Committee are: 
NAM, George W. Wunder of National Lead Co., Lauchlin M. Currie of | 
Babcock & Wilcox and Bruce S. Old of Arthur D. Little, Inc.; EEI, Edwin C. | 
Vennard and John J. Kearney, both EEI officials; MCA, C. D. Harrington of | 
United Nuclear Corp. (NU Apr ’61, 21) and T. C. Runion of Davison Chem- 
icals Div., W. R. Grace & Co.; and USCC, Arthur V. Peterson of his own 
firm and Philip N. Powers of Purdue Univ. Currie has been acting as chair- 
man of the Committee, which is not expected to get active until a permanent 
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REACTOR NEWS 


PG&E DEFERS BIG PLANT DECISION 


Pacific Gas & Electric Co. is still “a couple of months 
away” from a decision on whether to build its con- 
templated 300-Mwe reactor in the San Francisco area, 
probably at Bodega Head. “We are still about at the 
same place as we were in January,” President Norman 
R. Sutherland said. “Some other urgent things came 
up and we put it aside for a while, but not for long. In 
a couple of months we'll get around to it again and then 
we'll give it further study.” 


McMURDO REACTOR WELL UNDER WAY 


Site preparation has been completed on a low hilltop 
overlooking the Navy's Ross Island base on the shore of 
McMurdo Sound; actually, foundations were dug not for 
one but for two reactors side by side, although only one 
has been authorized so far. Housings for the primary 
and secondary circuits have already been delivered. 
The Navy Antarctic Projects Office has set the following 
schedule: assembly primary plant foundation, Oct. 1-15, 
1961; assembly secondary plant foundation, Oct. 15-30; 
erect primary plant superstructure and building shell, 
Oct. 15—Dec. 15; erect secondary building, Nov. 1—Dec. 
15: assemble nuclear power plant, Dec. 15—Feb. 98, 
1962; install and connect substation and pole line to 
existing electrical distribution system, Oct. 15—Feb. 28; 
nuclear power plant on line March 1, 1962. 


ML-1 GOES CRITICAL 


The Army's Mobile Low-power reactor No. 1 went 
critical on schedule March 30 at the Idaho test station. 
The 3.4-Mwth, 0.3—-0.5-Mwe truck-mounted reactor, 
built by Aerojet-General Nucleonics, will undergo low- 
power testing this summer, will be joined in October to 
its closed-cycle gas turbine and generator unit (NU, 
April 61, 29), and is to reac h full power about Nov. 15. 


DRESDEN: POISON BLADES ALSO IN TROUBLE 


Dresden Station’s materials problems with cracking in 
17-4-PH steel, as a result of which all control-rod drive 


parts of that material are being replaced (NU, Feb. ’61, 
25), have extended to the control blades themselves. 
Cracks were found in a number of the poison sections, 
made of 2% boron alloyed in stainless steel. General 
Electric, builder of the Dresden reactor, is replacing all 


the control blades with ones of a new design developed 
for the Big Rock Point reactor: 10 slender tubes of 304- 
type stainless steel packed with compacted boron car- 
bide and sealed at both ends are fastened between two 
sheets of stainless steel in such manner that the total 
thickness of the sandwich is small enough to slide up 
and down in the existing control-blade channels; four 
such sandwiches will be fastened to form one cruciform 
control rod—40 tubes of boron carbide per rod. GE has 
promised to have all 80 replacement rods delivered by 
April 8. A hearing March 28 covering Dresden modifica- 
tions was adjourned to April 10 to get a report on the 
new rods 


SKATE SETS CORE MARK; POLARIS SPEEDUP 
The submarine Skate sailed a record 120,862 miles on 


her first core, and now being refueled—after 89 
months’ service— at Electric Boat’s Groton, Conn., yards 
where she was built. The distance compares with 
69,138 miles in 26 months by Nautilus on her first core: 
93,000 miles in 26 months by Nautilus on her second 


core; and 71,609 miles in 23 months by Seawolf on her 
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first, sodium-cooled, core. These are the only nuclear 
submarine refuelings to date. The dramatic improve- 
ment in core-life shows the strides being made toward 
the goal of developing a core that will last the life of a 
ship. . . . President Kennedy's speedup order for the 
Polaris program has manifested itself 1. in award of five 
Lafayette (third-generation) Polaris hull orders for 
which long-lead-time reactor parts were authorized last 
year—two to Electric Boat, two to Newport News Ship- 
building & Dry Dock Co., one to Mare Island Naval 
Shipyard; and 2. for fiscal-’62, Kennedy asked for 10 new 
Polaris subs, to make a total of 29, plus a (third) Polaris 
tender. He also asked for an accelerated construction 
schedule, under which the 10 FY-61 and 10 FY-62 
Polaris subs would be delivered beginning June 1963 at 
a rate of 12/yr as against the present rate of 5/yr. This 
would cut two years off the completion schedule for the 
first 29 Polaris craft. The Navy wants a fleet of 45. 


BNL REACTOR SAFETY PROCEDURES HIT 


AEC last month ordered shutdown of Brookhaven’s re- 
actors and critical assemblies pending changes in operat- 
ing and maintenance procedures that were considered 
unacceptable. The changes were instituted in time to 
prevent any interference with the reactors’ regular sched- 
ules. The steps were ordered by AEC reactor apes 
ment chief Frank K. Pittman, reacting to BNL’s reply 
to the survey of reactor safety practices instituted by 
AEC following the SL-1 accident. Pittman told Nv- 
cLEONICSs there was “a complete difference of opinion” 
between his and Brookhaven’s philosophy on reactor 
operation: BNL believes in —a technically com- 
petent people, piving them responsibility, then letting 
them operate, whereas Pittman feels while it is necessary 
to have competent people and give them responsibility 
but also to put limitations on what the operator can do 
and provide for compulsory formal and independent re- 
view of what he does. Pittman said the BNL safety 
survey reply made him feel that its procedures “were not 
detailed enough, or didn’t exist, or were not updated, or 
did not provide for review by Brookhaven’s safety com- 
mittee, or did not take abnormalities into account.” 
Henceforth Brookhaven’s safety committee will have to 
review all procedures and changes on a formal basis, 
rather than merely being available to give assistance if 
the operator felt he required it. All restrictions have 
now been lifted from the Brookhaven reactors, and the 
special committee Pittman sent to investigate the situa- 
tion has now been discharged. The reactors are back in 
operation, except the medical reactor on which modifica- 
tions were being completed as this went to press. 


NUMEC STARTS Pu, Hf PLANTS 


NUMEC placed two plants on stream within two weeks. 
One, producing hafnium crystal bars from sponge, will 
supply the material for control rods for naval reactors 
under a $500,000 contract. The other, first fully-inte- 
grated commercial plutonium facility, will make plu- 
tonium-beryllium sources (first orders have already been 
received, from civilian and military customers in the 
U. S. and abroad), as well as carry on research-develop- 
ment work on Pu and plutonium oxide fuels for power 
reactors . . . NUMEC also claimed a major nated 
through in application of beryllium oxide protective coat- 
ings to uranium dioxide in “fairly thick” layers, up to 
100 microns. The same process—which NUMEC did 
not reveal—works sucessfully also with zirconium oxide, 
molybdenum, niobium, vanadium chromium, aluminum 
oxide, pyrolytic graphite, beryllium, tungsten, etc. 
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WORLD NEWS 


AI Signs for AKS Organic Design 


Atomics International has signed a long-expected con- 
tract in West Germany for design of a 150-Mwe organic 
reactor for AKS’s successor group, the 13-utility KBWP 
(Baden-Wiirttemberg Nuclear Power Plant Planning 
Assn.). AKS had only been a study group for review 
of the proposals (NU, Feb. ’60, 23; March ’60, 27); 
much of the delay since a year ago was caused by the 
need for the member utilities of AKS to organize con- 
tractual relationships covering share of participation, 
responsibility, liability, ete. KKBWP is a body that could 
go on to build and operate a commercial nuclear power 
plant. The Title I design it has ordered so far is to be 
completed in 13 months; Brown Boveri of Mannheim 
will design the conventional end of the plant. 


A-Tanker: ‘In’ in Italy, ‘Out’ in Britain 
The cause of the nuclear-propelled tankship moved a 
long step forward in Italy, backward in Britain. A gov- 
ernment-industry project went to design contract stage 
when the Fiat-Ansaldo study team (NU, july "58, 26) 
signed on March 17 with CNEN (National Commission 
for Nuclear Energy) for a two-year joint research pro- 
gram including design of the tanker. Almost half—46% 
—of the $3.2-million contract cost will be financed by 
Euratom. The 52,000-ton ship would be 817 ft long, 
37.6-ft in draft; its 74-Mwth pressurized water power 
plant would put out 23,100 hp to drive it at 17 knots. 
Ansaldo will design the ship, Fiat the reactor. Euratom 
recently also helped finance the design contract let by 
Germany’s GKSS group to Interatom on an organic- 
moderated tanker reactor (NU, March ’61, 32). 
Meanwhile in Britain, expectation was that the nuclear 
tanker program would be dropped, replaced by a small- 
reactor program instead. The Admiralty’s (Galbraith) 
Committee on Application of Nuclear Power to Marine 
Purposes, which two years ago undertook a study of 
seven proposals for a reactor to propel a 65,000-ton 
tanker (NU, June ’59, 25) and which a year ago asked 
for bids on a boiling-water and an organic reactor, is now 
understood to have rejected both. As a result, it’s con- 
sidered almost certain that the government will shortly 
announce a decision to abandon the nuclear tanker. 
Instead, a broadly-based program for development of 
small reactors is likely to be launched soon by the new 
Reactor Group at Winfrith. First prototype selected for 
construction is expected to be the steam-generating 
heavy water moderated reactor (SGHW), originally 
age by Vickers Nuclear Engineering Co. for the 
tanker. SGHW uses light water coolant circulated in 
pressure tubes through the heavy-water moderator, thus 
making steam in the core, eliminating heat exchangers, 
and reducing the amount of heavy water moderator 
_ needed. 








Second Power Reactors for Brazil, India 





A second large power reactor is contemplated in Brazil 
Janio Quadros, the new president, has said he wants 
another big nuclear unit for the semi-arid northeast 
“bulge” or the Amazon valley. The first, a 150—200- 
Mwe plant to be placed on the Mambucaba river be- 
tween Rio de Janeiro and Sao Paulo, is scheduled for 
1965 completion; invitations for worldwide proposals 
were postponed last fall . . . Homi J. Bhabha, India’s 
AEC chairman, says his country can now design and 
build power reactors up to 25 Mwe without foreign help, 
using natural uranium fuel, heavy water moderation, 
organic cooling. Accordingly India has authorized 
building of a 20-Mwe plant of this type at Trombay as 
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part of the third five-year plan, in addition to the 150 
Mwe Tarapore plant on which worldwide proposals are 
due in August. 


Mexico to Buy Research Reactor 


The Instituto Politecnico Nacional of Mexico wants to 
buy an off-the-shelf research reactor, of up to 1 Mwth, 
to start training technicians for future nuclear power! 
plants. Internuclear Co. of St. Louis, a subsidiary of 
Petrolite Corp., has been trying to sell the Polytechnic a 
“tailor-made” research reactor for its specific needs, but 
sources in Mexico City say the Polytechnic is in a hurry, 
prefers to buy a standard unit to save time and money. 
Atomics International has been reported as a possible 
supplier. Mexico has no reactor as yet; although rich 
in uranium, it will not need nuclear power for some time 
as it also has cheap and abundant oil, gas and water 
power. 

Hawker Siddeley Withdraws from Field 

Britain's Hawker Siddeley Nuclear Power Co. is pulling 
out of the nuclear field—as a result, the company said, 
of the uneconomic trend in the industry. The firm 
will close down its factory at Slough, Bucks, over the 
next six months. A research development team of 35 
there had been working on organic-moderated ship re- 
actor studies and on process heat reactor systems. The 
company had also had some success in offering its Jason 
research reactor based on the Argonaut design; so far 
there has been no decision on the future of this project 











Research Reactors: 4 Critical, 1 Ordered 





Germany’s FR-2, her first major domestically-designed 
and -built reactor, went critical March 7 at Karlsruhe. 
It will operate at 12 Mwth following low-power testing. 
. . . France’s Rachel, her first fast-neutron critical 
assembly, went critical March 8 at an unannounced 
military research center of the Commissariat a ]’Energie 
Atomique. It has a plutonium metal core; although 
military research will get top priority, Rachel will also 
be used to help in design of Rapsodie, France's first fast 
breeder . . . Britain’s Vera (Versatile Experimental Re- 
actor Assembly), a 100-watt critical facility, was started 
up for experiments to improve nuclear data and calculat 
ing methods for fast critical assemblies Britain’s 
Nestor (Neutron Source Thermal Reactor), a 10-kw, 
modified Jason- or Argonaut-type, was started up at 
Winfrith; it can drive five subcritical assemblies simul 
taneously. Pakistan has given AMF Atomics an 
order for a 5 Mwth pool reactor for its planned nuclear 
research center. 


Japanese Jottings 





Major construction began April 1 on the 12.5-Mwe 
demonstration boiling water reactor to be built by 
General Electric of the U. S. for the Japan Atomi 
Energy Research Institute at Tokai Mura. Construction 
had begun last November, also at Tokai, on the 159 
Mwe Calder-type gas-cooled reactor being built, by co 
incidence, by General Electric Co. of Britain (no affilia 


tion). . . . The Japanese Research Reactor No. 2, here 
tofore confined to 1 kw (NU Wk, 10 Nov. ’61, 2), was 
to reach 1 Mwth full power by mid-month. The CP-5 
type unit was built by AMF Atomics . Mitsubishi 


will build Japan’s first domestically-designed and -built 
research reactor, a 30-Mwth unit similar to Triga Mark 
2, at a site of its own adjacent to JAERI’s Tokai center. 
. . . A Japanese mission has been touring the U. S. to 
study possible installation of a high-powered materials 
testing reactor in Japan. 
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NEWS 


IRG Project Delayed, More Study Set 

Indefinite postponement of the plan to build a privately- 
owned fuels-reprocessing plant in favor of a further, 
more detailed study, was decided on by the Industrial 
Reprocessing Group. The additional study was felt 
necessary in order to cover shipping problems, licensing, 
legal and accounting questions, fuel storage, more de- 
tailed economics, etc. It will be sponsored by the orig- 
inal members of IRG (Commonwealth Edison, Con- 
solidated Edison, Detroit Edison, Northern States Power 
and Yankee Atomic), possibly joined by Consumers 
Power of Michigan and Southern California Edison. 
Another possible sponsor is Carolina-Virginia Nuclear 
Power Associates. The study will cost several thousand 
dollars and will take up to two years. Davison Chemi- 
cals div. of W. R. Grace, Inc., will conduct it with three 
subcontractors: Bechtel Corp., and Weinrich Associates— 
both participants in last year’s study—and Nuclear 
Utility Services Co. 


Nuclear Optimism Expressed at Power Conference 


Impressive optimism on the prospects for nuclear power, 
was heard at the American Power Conference meeting 
in Chicago in late March. Titus G. LeClair, of General 
Atomic, predicted that in ten years the unit price of 
fossil fuels would have risen by 12.9% while caiaed fuel 
costs would be down by 9.4%. “The downward trend 
in the cost of nuclear power,” LeClair said, “is so pro- 
nounced that development and construction of plants 
should be pushed to achieve the goal of competitive 
power.” LeClair also foresaw that by 1980, 25% of new 
generating capacity ordered would be nuclear, and that 
a total of 45,000 Mwe nuclear capacity would have been 
installed by then. . 

R. B. Richards, manager of engineering at General 
Electric's Atomic Power Equipment dept., declared the 
state of the art had progressed to a point where a 300- 
Mwe single-cycle plant could be built for $197/kw—a 
$53/kw reduction from the $250/kw cost that AEC’s 
1959 study showed for a 300-Mwe dual-cycle boiling 
water reactor. “On this basis,” Richards went on, “a 
100-Mwe single-cycle plant can now be built for $183/ 
kw and a 500-Mwe dual-cycle plant for $176/kw.” 


Price Named First Director of Regulation 

In a major internal reorganization, AEC named Harold 
L. Price acting director of regulation. Price reports 
directly to the five-man Commission on all regulatory 
matters, as part of the new set-up separating AEC’s 
and promotional-operational functions (NU, 
March ‘61, 26). Price has been asked to complete a 
staffing study by about mid-April; meanwhile, 7 has 
assumed jurisdiction over the Division of Licensing & 
Regulation (which he formerly directed), the Division 
of Compliance, and the Office of Health & Safety. 
Robert Lowenstein succeeds Price as director (acting) of 
the Licensing & Regulation div., and General Manager 
Alvin R. Luedecke continues to manage operational and 
promotional activities. Luedecke reports directly to the 
Commissioners. One problem remaining to be solved, 
however, as the staff study proceeds, is what to do about 
the post of Assistant General Manager for Regulation & 
Safety—now held by William F. Finan. No move has 
vet been made to reconcile the fact that this regulatory 
post exists under Luedecke, while a new regulatory post 
has been given to Price. Thus, Price is authorized to 
“discharge the licensing and other regulatory functions 
‘f the Commission, other than those where the final de- 
cision rests with the hearing examiner, or the Commis- 


regulatory 
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sion, or which involve the Commission’s authority to 
approve the issuance of regulations.” 


ACRS Reports to AEC on Five Reactor Projects 

The Advisory Committee on Reactor Safeguards gave 
qualified or partial approval on five reactor projects last 
month—Dresden, Indian Point, Elk River, Lockheed’s 
research reactor, and the Small Size Pressurized Water 
Reactor sites. All are dated March 4 except the SSPWR 
reports which are under four different dates. 1. On 
Dresden: ACRS found no hazard in proposed operation 
at power with experimental and advanced fuel elements 
provided maximum heat generation is held to half that 
which would produce burnout; it asked to review pro- 
posed design changes in the control rods—now being 
changed because of cracks (NU Wk, 9 March ’61, 4)— 
before Dresden resumes power operation. 2. Indian 
Point: ACRS approved current design work on control 
rods and drives; it said that reactor design is “such 
that it could be operated without undue risk.” So far 
ACRS has not locked at staffing, operating procedures, 
start-up program. 3. Elk River: Recent changes ap- 
proved (NU Wk, 16 March ’61, 3); 17-4-PH steel to be 
watched; reactor can be operated without undue risk. 
4. Lockheed Radiation Effects Reactor: “Continued oper- 
ation at 10 Mwth in its present design form can only be 
justified for work essential to the national defense. . . . 
The hazards to the public from operating this reactor at 
its designed power and in its present unshielded and un- 
contained condition are greater than those generally 
acceptable for licensed reactor facilities. Thus there 
must be compelling reasons for assuming this additional 
risk.” 5. SSPWR: Ironically, the reports now published 
tell how ACRS approved the Dairyland site near Genoa, 
Wis., on July 22, and two alternate Jamestown, N. Y., 
sites on Nov. 5. SSPWR has been dropped—at least 
for these sites—for cost reasons (NU Wk, 9 March ’61, 3). 


Criteria for State Control Gets AEC Approval 

AEC approved recently criteria by which it will eventu- 
ally transfer to eligible state administrations regulatory 
duties over certain radioactive materials. Nearly two 
years in preparation—Congress passed the law in 1959— 
the criteria must be complied with by the states wishing 
to assume regulatory control. Regulatory authority over 
radioactive materials will include responsibility for rule- 
making, licensing, inspection, compliance, enforcement. 


AEC Proposes Indemnity Coverage for Fuel Makers 
AEC has called for comment by the end of May on its 
proposal to extend the Price-Anderson indemnity law to 
AEC licensees who process unirradiated enriched 
uranium. Reactor fuel processors and fabricators —_ 
quantities of material could be required to have financia 
protection under the Atomic Energy Act. If AEC re- 
quires this insurance, then it must also provide public 
indemnity—up to $500-million per nuclear incident 
would be available for public liability claims in excess of 
the amount of insurance required by AEC. Convair 
div. of General Dynamics Corp., which prepared a study 
on possible nuclear accidents in processor's plants, re- 
ported a low probability of an incident when safety 
procedures were strictly observed. The Atomic Indus- 
trial Forum, in a recent report, recommended that AEC 
extend financial protection to processors, that a $10- 
million protection requirement put into effect three 
years after AEC decided to extend the indemnity cover- 
age. In the interim, licensees would keep their present 
coverage but new licensees would need $10-million. 
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RADIATION NEWS 


Baird Brings $1.7-Million Suit Against NI, REAC 
In the latest in a series of suits involving the formation 
of new nuclear-instrument firms by people formerly 
employed by the suing company, Baird-Atomics has filed 
a $1,750,000 suit against five former Baird employees 
who participated in the creation of Nuclear Industries, 
Inc., Valley Stream, L. I., and Radiation Equipment and 
Accessories Corp., Lynbrook, L. I. The suit was filed 
Apr. 5 in the Eastern District Federal Court, Brooklyn. 
Nuclear Industries (NI) is managed by Jack R. Carlin, 
president, Richard E. O'Toole, secretary-treasurer, and 
Louis W. Mead, vice-president; Radiation Equipment 
and Accessories Corp. (REAC) is managed by Edward 
J. Kerzner, president, and Jerry Weinstein, vice-president 
(NU, March 61, 29). Both companies (REAC is a 
wholly-owned subsidiary of NI) and all five officers were 
named in the Baird complaint as defendants; answers to 
the complaint were due 20 days after service on the de- 
fendants, according to Baird attorneys (the New York 
City law firm of Day, Epworth, Plaskow & Lawrence). 
The case differs from a simple employer—vs—ex-em 
loyees suit in that Carlin, Mead and O’Toole were the 
earn of three firms purchased entirely by Baird in 
April, 1959, with the founders going to Baird as officials 
or employees. They took Baird stock in exchange for 
the stock in their firms, with some Baird stock going into 
escrow for delivery in three annual installments provided 
the sellers were still in Baird’s employ. Carlin resigned 
after disagreements with the Baird management in 
September last year; the others left Baird later last fall, 
according to the complaint. The complaint specifically 
charged that the defendants: 

©@ Allegedly “conspired with each other” during pur 
ported meetings prior to Carlin’s resignation from Baird, 
“at which meetings the individual defendants agreed to 
organize a competing company and subsidiaries in direct 
competition to the plaintiffs herein.” 

© That the defendants have allegedly “induced and 
enticed and still are attempting to induce and entice 
manufacturers to terminate their franchise arrangements 
with” Baird and a subsidiary, Atomic Accessories, Inc. 

@ That the defendants allegedly “caused serious 
resignations” of Baird employees; “of the 18 men in [the] 
Baird-Atomic, Inc., sales force as of September 1, 1960, 
Nuclear Industries, Inc., now has nine men plus one 
serviceman,” according to the complaint. 


Baird, NI Participate in Formation of Two Firms 


Baird-Atomic and Nuclear Industries, principals in a 
Federal Court action last month (see above), par- 
ticipated in the formation of two radiation companies 
before Baird filed its suit on Apr. 5: 

Transnuclear Corp., Westwood, N. J. Transnuclear 
was established by Isotopes, Inc.—with NI holding some 
of Transnuclear’s stock—to manufacture nuclear instru- 
mentation. Transnuclear is an Isotopes, Inc., subsidiary 
located across the street from the parent firm’s head- 
quarters in Westwood. The new firm was expected to 
go into production quickly with a line of low-level beta- 
counting instruments designed and marketed formerly 
by Isotopes; pilot runs on other instruments were 
scheduled for later this year. All of Transnuclear’s in- 
struments are to be transistorized and marketed by NI. 
Three officers of Isotopes, Inc., are serving in the same 
capacities at Transnuclear until the press of duties re- 
quires separate management: Richard D. Janes, presi- 
dent-treasurer; Donald R. Carr, vice-president and as- 
sistant secretary; and Robert Kleiner, secretary. 

ChemTrac Corp., Cambridge, Mass. This new radio- 
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chemicals firm has been founded by Baird and Controls 
for Radiation, Inc. (Con-Rad), which is making part of 
its Cambridge headquarters available to ChemTrac. 
Con-Rad holds a majority interest and Baird will market 
all ChemTrac products; only carbon-14 compounds were 
to be marketed initially, with expansion into other com- 
pounds as indicated. Irving Berstein, president of Con- 
Rad, is also president of ChemTrac but he is leaving 
management of the new company to John Leak, formerly 
of Isotope Specialties div. of Nuclear Corp. of America. 


Former Lockheed Group Creates Instrument Firm 
Radiation Technology, Inc., Atlanta, has been established 
by a group of former Lockheed Aircraft employees, with 
the help of investment and business interests in the 
Southeast. RTI will produce fully transistorized instru- 
ments—survey meters and scalers initially, to be followed 
eventually by multi-channel analyzers, a liquid-scintilla- 
tion counter, a line of monitoring instruments and 
special-purpose scalers. 
get into pulse-height analyzers and instrumentation for 
process-control and outer-space applications. RTI 
officers: James T. Bracken, president; William R. Cham- 
pion, secretary; Loyce A. Turner, treasurer; and Stephen 
Johnson, production manager Bracken had been man- 
ager of the nuclear measurements dept. at Lockheed. 


Che company also expects to 


fexas Group Working on Three Radioisotope Projects 
A group of Chance Vought Corp. scientists near Dallas, 
Tex., reported in late March that they are working on 
three projects looking toward large-scale use of either 
calcined gross fission products (CGFP) or separated 
radioisotopes from fission-product wastes: 

Project Artesia. Looking toward wide-ranging use 
of power reactors and the eventual production of 
billions of curies of fission byproducts, the group is ex- 
ploring the use of CGFP heat for conversion of saline 
water to fresh. Current work is sponsored by the Office 
of Saline Water, Interior dept., under a Phase 2 con- 
tract of $25,500; this covers conceptual design of an 
experimental test model to produce 240 gal of water/day 
and using about one megacurie of CGFP. AEC, accord 
ing to group leader M. A. Welt (formerly of AEC’s 
Hazards Evaluation branch), is expected to support 
construction of this unit by year-end at an AEC site. 

Project Nuclide Heat. Under a $22,000 contract 
from the Navy’s Bureau of Yards and Docks, the Chance 
Vought group is studying the possible use of either 
CGFP or separated radionuclides to supply 50,000 to 
300,000 Btu’s/hr to remote military installations. Four 
possible approaches are under study, with one to be 
selected for a conceptual design by December. 

Project Double Conversion. This is a power-gener- 
ator scheme, where beta radiation is converted to light 
and light to electricity—the traditional scintillation 
process. Efficiencies of 1-2% have been achieved, ac- 
cording to Welt, but the target is 6-8% which might be 
reached, it is felt, by a unique approach to modifying 
radiation wave length. Sponsorship is being sought 
jointly from AEC and the Navy’s Bureau of Ships. 


RCA Enters Nuclear Gaging Field 

Last month, RCA announced a new line of gamma gages 
using cobalt-60 and cesium-90 as radiation sources. 
Nuclear Research Corp., South Hampton, Pa., will 
supply the sources and RCA’s Industrial Controls div. 
will fabricate the devices at a Philadelphia plant. A 
company official said that the new line would eventually 
include beta sources. 
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improved FAST-SLOW NEUTRON SURVEY METER Poovides 


Dependability, Accuracy—Completely redesigned neutron survey meters now provide greater accuracy and 
dependability than ever before. These health hazard instruments measure relative number of either fast or slow 
neutrons per second and are virtually insensitive to gamma fields. From 1 to 1000 counts per second are indica- 
ted in logarithmic scale on 3%" panel mounted meter. Because this is a health hazard instrument, absolute 
calibration of n/cm?/sec. or mev/cm?/sec. is not provided. This must be done by the user. Neutron Survey Meters 
are lightweight (only 10 pounds), portable, battery powered, and completely transistorized with printed circuitry 
throughout. Three different models are available: Model 20810 containing both fast and slow neutron detectors; 
Model 20811, fast neutron detector only; and Model 20812, slow neutron detector only. Dimensions: 2114" long x 
6" wide x 6” high. Weight: 10 pounds. 


RCL manufactures a complete line of detectors & 
tallat 


includ? ng scini L0n, haloge n and organic RADIATION COUNTER LABORATORIES, INC 
que neh, gas flou and cosmic ray. RCL 


é 
For additional information write: 5121 West Grove Street, Skokie, Illinois, U.S.A, Phone: YOrktown 6-8700 
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Research Engineers 
and Scientists 


needed for continuing expansion in nuclear technology at 


Atomics International 


Heat Transfer and Fluid Mechanics. Theoretical and experimental heat transfer 
research, fluid mechanics, as well as hydraulics research, including hydrodynamic per- 
formance of fuel elements, and investigation of convective and boiling heat transfer 
characteristics of reactor coolants. 


Reactor Analysis. Complete nuclear, thermal and structural analysis including critical- 
ity, flux and power distributions and fuel cycle analysis. 

Systems Analysis. Analysis and simulation of complete nuclear power plants to develop 
reliable unattended, completely automatic control and instrumentation systems, in- 
cluding reactor kinetics, dynamics, hazards and reliability analysis. 

Hazards Analysis. System safety and hazards studies on compact nuclear power 
systems for space applications. Background in radiation shielding and radiological 
hazards evaluation desired. 

Control Analysis. Dynamic control and simulation studies to establish stability and 
control specifications for compact nuclear power plants being developed for space 
applications. Familiarity with latest analog and digital techniques required. 
Metallurgy. Several years experience in the application and usage of high temperature 
radiation resistant materials, including the joining of these materials. For application 
to development of advanced light weight control systems, pumps, thermoelectric gen- 
erators, etc. 

Space Environmental Testing. Component development and space environmental test- 
ing of nuclear power plant components including high vacuum, vibration, shock, ther- 
mal and orientation testing. 

Radiation Effects. Analysis of radiation effects on organic and solid electronic mate- 
rials, including experimental determination of physical and thermal properties of 
organic fluids at elevated temperatures. 

Process Instrumentation Engineers. Thorough knowledge of process instrumentation 
and control systems. Background should include experience in chemical process plant, 
refinery, power plant or reactor instrumentation. 


For specific details write: Mr.C. E. Newton, Personnel Office, ‘ 
Atomics International, 8900 DeSoto Avenue, Canoga Park, Calif. 


All qualified applicants will receive consideration for employment without regard to race, creed, color, or national origin 


ATOMICS INTERNATIONAL 


: Division of North American Aviation AT: 
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ADVANCED 
WARNING 
y SYSTEMS 
FOR 
RADIATION 
HAZARDS 


EG&G’s outstanding reputation for competence in nucleonics is substantiated 
by the highly successful instruments, systems and services shown here. Designed 
to incorporate the very frontiers of the art, they have repeatedly solved industry 
problems under the most demanding conditions. For full technical details, write: 
EG&G, Inc., Dept. AL, Santa Barbara Airport, P. O. Box 98, Goleta, Calif. 
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175 BROOKLINE AVENUE, BOSTON 15, MASSACHUSETTS « TEL. COPLEY 7-9700 « CABLE: EGGINC, BOSTON; TWX: BS 1099 
WESTERN OPERATIONS: P.O. BOX 1912, LAS VEGAS, NEV. ~ SANTA BARBARA AIRPORT, P.O. BOX 98, GOLETA, CALIF. 


ip EDGERTON, GERMESHAUSEN & GRIER, INC. 
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Another good reason for Confidence ina growing A America 


YOUR FUTURE R 


4 
If you’re uncertain about what lies 
ahead, take a good look at the white 
line. It represents America’s past 
production rate and economists’ es- 
timates of future production, with 
the peaks and valleys smoothed out. 
Over the long pull the curve keeps 
rising. 

In fact, American production more 
than doubles every 20 years. 

You can expect even faster growth 
during the Sixties. Because at the 
present rate, the $12 billion a year 
we’re spending on research and de- 
velopment may well reach $22 billion 
by 1971. The outpouring of new prod- 
ucts and processes will be in pro- 
portion. Research is the fountain- 
head of progress. Ready now are 
such innovations as foods preserved 
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IDES HIGH ON THIS CURVE! 


radiation, cleaning with sound 
machines that can translate 
and solid radio 
And many more 


by 
waves, 
foreign languages, 
sets without wires. 
are on the way. 

Judging by past experience, two 
million more businesses will be es- 
tablished to make and distribute our 
growing production during the next 
25 years. Whole industries will 
emerge to turn out the new products 
that are coming from the laborato- 
ries. America has a brilliant future 
but to realize it fully, we must all 
work together for the 
common good. 


FREE My rite for illustrated 
booklet, “The Promise of 
A merica.’ ’ Box 10, New 


York 18, N.Y. 
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GET READY FOR AN UPSWING! 


MORE RESEARCH—We're now spending $12 
billion a year—-and that’s expected to double 
during the Sixties! 

MORE INCOME—Today’s $6500 average per 
family represents an all-time high! 


at the highest level ever 
ceed $375 billion! 


MORE SAVINGS Now 


net savings of individuals ex 


MORE JOBS— Despite unemployment there are 
15 million more than in 1939-—-will be 22 
million more by lI 


MORE EDUCATION By 1970 we'll have 20 


million more higt ol graduates than today, 
and 3 millior more college graduates. They’ll 
earn more, live better! 

MORE LEISURE—40 million Americans get paid 
vacations and there are 16 million people over 
65, many of them with retirement income to 
spend! 


MORE MARKETS—-U 


U.S.-owned plant 


p plus « utput on 
alread 


S. exports, 
overseas, account 


sales! 


for over $50 billion in 

MORE NEEDS—Schoo! hospitals, @ 
highways, homes—we need billions 

in improvemen right now, and 

the need keeps growing! 
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Built by B-L-H's Industrial Equipment 
Division, this 200-ton vehicle will 
handle atomic fuels at the Enrico 
Fermi Atomic Power Plant, near Detroit. 





The problem was unique—the problem-solver was B-L-H 


In the field of atomic energy there is frequently no 
precedent. We must often start from scratch. This was 
the case with the massive and highly complex fuel 
handling vehicle which the Power Reactor Develop- 
ment Company called on B-L-H to complete final 
designs for, fabricate and deliver to the Enrico Fermi 
Station. 

Self-propelled, this transfer cask car, as it is known, 
provides means for replacing spent fuel elements in the 
reactor with fresh fuel elements and for transporting 
the fuel assemblies safely to and from storage areas 
outside the reactor building. 

Eleven fresh fuel assemblies at a time are accommo- 
dated in the cask. Devising special helium-leaktight 
closures and seals for all cask penetrations was required 
in order to safely contain an argon atmosphere and in- 


Industrial Equipment Division + Philadelphia 42, Pa. 
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sure absolute exclusion of air. A special 10-in.-diam. 
ball valve which is molecule-tight—i.e., totally leak- 
proof—had to be designed and installed. 

Among the many challenging problems was that of 
providing adequate and economical shielding. The lead 
shielding was poured in place and inspected by means 
of gamma probe. In lesser areas depleted uranium 
castings were used. 

Electric arc welding was the primary means of fabri- 
cation. All welds were checked by mass spectrometer. 

Since its nuclear work is already quite extensive— 
fabrication of the magnet cores for the four principal 
accelerators in America, for example—and since its 
engineering skills and shop facilities are of the highest 
order, B-L-H should certainly be considered for your 
upcoming projects. Write for further information. 








ON THE LINE 


Yankee—a Westinghouse achievement of the first order in its 
continuing effort to bring atomic power to its full commercial 
capabilities. 


ON THE BOARDS 


the new 375-Mwe atomic power plant is a giant step forward in 
the realm of controlled commercial nuclear power. Projects like 
this offer to professional personne! the opportunity to take part in 
the design and development of economic nuclear power plants. 
Career openings for qualified scientists exist in many areas. 
Some of these areas are listed in the next column. 


~ 2 RE 





wgLoseD CYCLE 


WATER NUCLEAR 


poweER PLANT” 


Westinghouse 


ATOMIC POWER DIVISION 
FIRST IN ATOMIC POWER 


HEALTH 
PHYSICIST: 


To direct and perform health physics and 
industrial hygiene work at various WTR 
facilities. Work will also include non- 
health physics engineering that pertains 
to reactor and hot lab work. Must have 
A.B. or B.S. degree and additional train- 
ing in health physics. 


ENGINEER: 


To perform assignments in connection 
with the designing and operation of ex- 
perimental high pressure, high tempera- 
ture systems both for in-pile and out-pile 
programs. Would involve design of high 
pressure equipment, heat transfer, fluid 
flow and stress analysis of piping sys- 
tems. B.S. degree in Mechanical Engi- 
neering or Chemical Engineering and a 
minimum of 5 years experience in related 
fields. 
SENIOR 
ENGINEER: 


Alloy development on reactor materials 
and fuels with particular emphasis on 
control rod and ciadding materials. M.S. 
degree in metallurgy with three years 
experience in reactor materials. 


PROJECT 
ENGINEER: 


To assist customers in the preparation of 
experiments to be performed in the test- 
ing reactor. Includes design of capsules, 
heat flow and fuel burnup. Also, calcula- 
tions and liaison with customer engineers 
during course of the experiment. B.S. 
degree in engineering with related nuclear 
experience. 
ENGINEER 
OR SCIENTIST: 


to perform reactor physics calculations 
on reactor cores which involves problems 
of the development and application of 
theoretical methods, founded on basic 
theory, to technical programs concerned 
with the design and construction of large 
power reactors. M.S. degree in physics 
or nuclear engineering. 





If you qualify for any one of the above 
positions, write immediately to: Mr. C. S. 
Southard, Westinghouse Atomic Power 
Division, PO. Box 355, Dept. X-83, Pitts- 
burgh 30, Pennsylvania. 
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HIGHER POWER FOR THE TRIGA* 


General Dynamics Corporation and its General 
Atomic Division are pleased to announce that TRIGA 
research reactors are now available with a new higher 
power rating of 250 kw for steady state operation. 

At 250 kw, the TRIGA will provide a maximum 
neutron flux of 10'* n/cm? - sec and an average flux of 
4.0 x 10" n/cm?-sec without sacrifice of TRIGA’s 
demonstrated advantages of reliability, economy, sim- 
plicity, and versatility — all within the paramount con- 
sideration of utmost safety. 

The 250 kw TRIGA is offered in response to wide- 
spread interest in a research reactor combining higher 
power and fluxes with TRIGA’s proven performance. 
It is a logical result of the stability and ultra-safety of 
TRIGA’s uranium-zirconium hydride core with its 
prompt negative temperature coefficient. 

This increased power, from 100 to 250 kw, is 


available as an option in the standard TRIGAs which 
have achieved worldwide popularity —the Mark I 
below-ground model, and Mark II above-ground version 
with beam ports, thermal column and experimental 
shielding tank. More than 20 TRIGAs have been placed 
in use or soon will be operating on five continents, serv- 
ing universities, national research establishments, medical 
centers, and other institutions 

The 250 kw TRIGA opens up new and expanded 
opportunities for research, testing and training in many 
fields of basic science, engineering, medicine, biology, 
agriculture and engineering, and for the production of 
radioisotopes. 

Other members of the TRIGA family of research 
reactors include Mark I, Mark II and Mark-F models 
designed to provide short, self-limiting pulses of intense 


neutron and gamma ray radiations. 


GENERAL DYNAMICS 
GENERAL ATOMIC DIVISION 


®@ — TRADE MARK REGISTERED 
36 


P< BOX 608 SAN DIEGO 12, CALIFORNIA 
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TubeXperience in action 


Westinghouse Atomic Power 
Department built 78 of these 
fuel elements for use in the 
closed cycle water reactor 
at the Yankee Atomic Elec- 
tric Company's Power Plant, 
Rowe, Mass. Each element 
is approx. 8 ft. high x 8 in. 
square and contains 304 
tubes of Type 348 stainiess 
steel. Each tube is packed 
with 150 pellets of slightly 
enriched uranium oxide. 


2 Tubing Firsts in 1 Fuel Element Application 


Superior produces special-analysis Type 348 stainless 
tubing in WeLDRAWN® form to meet the exacting cladding 
requirements of the Yankee reactor core built by 
Westinghouse—a first for both material and form in 


a commercial unit. 


For the first time in any commercial nuclear reactor applica- 
tion, Type 348 stainless Superior WELDRAWN tubing has been 
used for fuel element cladding. Choice of this material/form 
combination was made only after extensive testing by both 
Superior and Westinghouse, including 100°% eddy current, 
dye penetrant inspection on a statistical sampling basis, and 
hot tensile testing at 650°F. The controlled-analysis Type 348 
stainless provided the corrosion resistance, weldability and 


> 
+7 


strength required. Type 348 stainless in WELDRAWN form was 
agreed upon because it was more readily available in strip. 


ID of tubing is .298 in. +.0005 in.; wall is .021 in. +5%. 
The ID tolerance must be held to permit loading of the pellets 
and wall thickness tolerance must be held to eliminate hot 
spots. Straightness of tubing is a factor, too. Superior holds 
it to .010 in./ft. Cuts are 93.002 in. +.020 in., squareness of 
cut ends within .002 in. max., ID chamfer .003 in. 


Compromises in material/form are often necessary to satisfy 
all requirements of nuclear reactor applications. Superior’s 
experience in the field can help you in developing fuel element 
cladding to meet your needs. Superior Specification STC-102 
defines the quality and technical requirements of nuclear 
quality fuel element tubing in austenitic stainless steels. Write 
for your copy today. Superior Tube Company, 2027 Ger- 
mantown Ave., Norristown, Pa. 


woerrar lade 


The big name in small tubing 


— NORRISTOWN, PA. 


All analyses .010 in. to ¥ in. OD—certain analyses in light walls up to 2% in. OD 
West Coast: Pacific Tube Company, Los Angeles, California « FIRST STEEL TUBE MILL IN THE WEST 
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Tires that last ten years . . . 
Foods that don’t need 
refrigeration . . . 

Tougher plastics . . . 


these products of the future are 
subjects for experimentation today. 
Many industries and research 
institutions are now looking to 
cobalt 60 gamma irradiation as 
the key to new horizons. 





Photo courtesy Textile Research Center, School of 
Textiles, North Carolina State College, Raleigh, N.C. 


For your gamma irradiation ( AM Vi AC Fil 220 
experiments, choose the 
with source strengths to suit your purpose 


IT’S PROVEN — Already in use in several countries IT’S SAFE — By construction, it is inherently safe to 
and in many fields of research. operate. Overexposure would have to be deliber- 


ately planned. 
IT’S SELF-CONTAINED — No auxiliary shielding re- 


quired . . . Buy it as just another piece of laboratory IT’S SIMPLE — No complex electrical equipment to 
equipment. Easy to move to a new location as a break down. Any technician can readily operate it 
change in plans requires. with minimum instruction. 


FOR FULL DETAILS ON THE GAMMACELL 220, KILOCURIE COBALT 60 
OR OTHER ISOTOPE EQUIPMENT, PLEASE WRITE TO: — 


ATOMIC ENERGY OF CANADA LIMITED 


COMMERCIAL PRODUCTS DIVISION 
P.O. BOX 93 OTTAWA, CANADA 59-1 
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Space Exploration 
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Military Electronics 
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Actual Size FA ail 





a Geological Exploration 





Biological Research 











Spectroscopy 


$/4 PHOTOMULTIPLIERS 


—for applications where space is limited 





Dramatically smaller multiplier phototubes with features heretofore 











THE FACTS 
found only in the larger types, the new RCA-7764 and -7767 shown — sonsues | Ganeves 
here actual size offer significant advantages in radiation-detection appli- 
cations, where multiplier phototube performance is a must, but where Stages ae ed 6 
: Median Sensitivity 
small size is a necessity. (Amperes / lumen) 7.5 0.3 
Variations of these new types can be delivered to you “potted” with a ane scent a oa 
upply 
voltage divider designed to meet your specifications. For more informa- Response Range 3000-6500 | 3000-6500 
tion, contact the RCA Field Office nearest you. Or write Marketing i dae ao pve 
. ax. Response ue e 
Manager, RCA Industrial Products Dept., RCA, Lancaster, Pa. For a qeatiens 4400 ane 
free technical bulletin on the RCA-7764 or -7767, write: Section E-31-Q, Max. Rigid Length 4.0” 2.75” 
. ~ . . . . . . ed ” 
Commercial Engineering, RCA Electron Tube Division, Harrison, N. J. pametetnanntead petted on 














The Most Trusted Name in Electronics 
RADIO CORPORATION OF AMERICA 





® 


RCA ELECTRON TUBE DIVISION FIELD OFFICES...Industrial Product Sales: Detroit 2, Michigan, 714 New Center Building, TRinity 5-5600 - Newark 2, N. J., 744 Broad 
St., HUmboldt 5-3900 + Chicago 54, Illinois, Suite 1154, Merchandise Mart Plaza, WHitehal! 4-2900 - Los Angeles 22, Calif., 6355 E. Washington Bivd., RAymond 3-8361 - 
Burlingame, Calif., 1838 El! Camino Real, OXford 7-1620. Government Sales: Newark 2, N. J., 744 Broad St. HUmboldt 5-3900 - Dayton 2, Ohio, 224 N. Wilkinson St., 
BAldwin 6-2366 - Washington 7, D. C., 1725 ‘‘K"’ St., N.W., FEderal 7-8500 
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UNIQUE... 


simple and versatile underwater manipulation ; 


Central Research Laboratories’ 
model B 
Canal manipulator 





If your operation has required grappling and 
fishing at the bottom of a canal or pool, Central 
Research Laboratories’ Model B Canal Manipu 
lator may be the new tool for you. Master-Slave 
Manipulator type ambidextrous handle, wrist 
joints, and tongs are coupled by alloy tapes pass- 
ing through a cross-over housing and long vertical 
tube. This makes possible dexterous underwater 
manipulation. All submerged components are 
stainless steel for maximum corrosion resistance 


Wrist Joint and Tong Motions 


The wide range of wrist-joint and tong motions 
insures deft and adroit handling of large and 
small objects. Squeeze motion is 3!.\ inches with 
an elevation rotation of 168° going from 38° back 
of vertical to 40° above horizontal. Twist rotation 
is 360° minimum at ends of elevation range, 720 
when the tong is pointed 45° downward. 

Azimuth rotation and X, Y, and Z translations 
are provided by gross movement of the vertical 
support tube. A constant force spring suspension 
supports the manipulator in the canal or pool. 

For further versatility, the Model B Canal 
Manipulator may be equipped with standard or 
special purpose interchangeable tongs of either 
the RCD-447-100 or SRL-IIA type. Vertical 
tubes of desired length are available to meet 
most requirements. 


CENTRAL RESEARCH... 
MANIPULATORS FOR EVERY NEED 




















Model 8 —_ 
General Purpose — Ps /* 
And Heavy Duty Th la t 
Thru-Wall i | 
N Installations a a jad 
7 n 
’ ‘ 
a 8] 
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ie... , | , | | 
a a 4 >es4 ee aca 
a L Bod 5f - 
a Model 7 Model 4 
Restricted Space Installations \ver-Wall Installations Model A Sealed 







For further information on Central 
Research manipulators, accessories, 0? 
hot cell design problems, write 


laboratories, inc. 
Red Wing, Minnesota Dept. 111 
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Extra Length of fitting used for testing purposes 
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1. Fitting is made 2. Tangents are 3. One of the resulting 4. For welded-type fit- 
with extra long’ cut off both ends rings is flattened in a_ tings a section of the 
tangents press, im accordance other ring, including 
with specifications, and weld, is bent back upon 
closely examined for itself, and inspected for 
possible defects. evidence of fissuring or 

other discontinuities. 


Midwest's unique method of obtaining specimens for destructive tests 
assures an extremely accurate and dependable basis for testing . . . with- 
out manufacturing expensive representative samples! Tension tests, 
corrosion tests, and photomicrographic studies are also 
performed on tangents cut from the finished fitting 


assuring dependability beyond comparison. 


Write for new brochure tical Piping for the Nuclear Age 


I D E S P I P I N G A DIVISION OF CRANE CO. 


1450 S. SECOND ST. + ST. LOUIS, MISSOURI 
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Out of the “HOT BOX” _.. 
and into SPACE 


““Arming’’ Gargantuan robots to assemble space stations may seem 
like a blue sky application of our electro-mechanical manipulators, but 
study contracts have already indicated their feasibility. Future space 
activity may well require such a construction team. t4 Space probes in another 
dimension have already carried General Mills Mechanical Arms into ocean craters gathering 
research samples deep beneath the surface. These rather exotic applications developed 
quite naturally from pioneering efforts in remote manipulators for some 150 nuclear 
installations. 4 The extreme flexibility of our Model 150, pictured here, has made this 
standard arm ideal in limited space such as alpha-gamma sealed dry-box work. Equipped 
with electric drive, portable finger-tip controls and connections for automatic remote power 
tools, the Model 150 may be adapted for many industrial applications to protect personnel 
from hazardous conditions. §3 Check General Mills for Mechanical Arms. 


s 





General 


® 
Mills 
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MECHANICAL ARMS 


NUCLEAR EQUIPMENT DEPARTMENT, 419 North Fifth St., Minneapolis 1, Minn. 














LTT: — AT TAT 
UNIQUE COMBINATION OF ADVANTAGES 
OFFERED BY CITRIC ACID 


IN CLEANING NUCLEAR EQUIPMENT 
S$ LLL TTC 


» has already established 
itself as a completely acceptable, highly effi- 
cient agent for preoperational cleaning of 
atomic reactors and for radioactive decontam- 
ination of nuclear equipment. Most commer- 
cial nuclear power facilities presently in use 
have been successfully cleaned, at least in part, 
with citric acid. 

Such widespread usage and approval is more 
understandable in view of the fact that citric 
acid alone offers all of these advantages: 


is a highly efficient clean- 
ing agent which removes imbedded metal and 
oxide film from steel and stainless steel. 


s sequestering ability pre- 
vents reprecipitation of dissolved scale. 
) is non-toxic and readily 


water-soluble—it is, therefore, both 
safe and easy to handle. 


provides the 
means to storage and handlingecon- 
omies—itissold asadry, 100% acid. 
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DIVISION 


CHEMICAI 


Prizer Cirric Acip can be effectively inhibited 
without losing either its cleaning or sequester- 
ing ability. 

Prizer Citric Acip completely eliminates the 
problem of chloride stress corrosion in clean- 
ing nuclear equipment. 


No wonder, then, that manufacturers and 
operators of atomic power equipment have 
approved the use of citric acid for cleaning 
boilers and heat exchangers, for flushing the 
pressure vessels of nuclear steam supply sys- 
tems, and for numerous other jobs. 


And responsible personnel are learning daily 
to think of Pfizer when the product is citric 
acid. Take advantage of the long-standing ex- 
perience of Pfizer in producing citric acid. 


Write today on letterhead stationery for your 
free copy of Pfizer’s technical litera- 
ture on nuclear equipment clean- 
ing: Chas. Pfizer & Co., Inc., 
Chemical Division, Brooklyn 6, 
New York. 
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The Most Experienced Hands 
in the Business... 


wd elo [ULo1- i Ole) a we)}-)10) olin 4-1-J1-he-laht 
WAV(~i fo Ii ale i mihadiale|—mcar-u 


Reduce Piping Costs 


4, 


; 


‘ 


19, 


FEATURES 


¥ Made by specialists in corrosion-resistant 
metals—in the business since 1927. 


*Cold formed from forged or wrought 
metal, eliminating porosity—no castings 
are used. 

* Produced of Stainless Steels 304, 304L, 
316, 316L, 347, Monel, Nickel, and 
Aluminum. 

* Stainless Steel, Monel, and Nickel fit- 
tings are annealed. 


* Ends of all fittings are accurately machine 
tool cut—not ground. 


%* Regularly produced in all popular sizes 
and schedules. 

4 Made in conformance with A.S.A. and 
M.S.S. Standards—much closer to nom- 
inal dimensions than to permitted toler 
ance extremes. 


HOUSTON 36, 5510 Edith St 


We have had more stainless piping experience than any other fitting manufac- 
turer—since 1927. And, we are the industry’s only specialist in corrosion- 
resistant welding fittings. What's the dollar and cents value of this to you? 
Just this: It reduces your installation and maintenance costs. Here’s why— 

Because of our exclusive, patented cold forming process and other produc- 
tion procedures FLOWLINE Fittings are supplied much closer to nominal 
dimensions than to tolerance extremes permitted in A.S.A. and M.S.S. specifi- 
cations. This high dimensional accuracy reduces fit-up time and assures opti- 
mum welding efficiency. 

Because we specialize in corrosion-resistant welding fittings, our methods 
of forming, annealing, end finishing, etc. put the metal used in FLOWLINE 
Fittings in the best condition for corrosion resistance. This assures maximum 
service life. 

For specifications of FLOWLINE Fittings write for Bulletins 416 and 417. 


FLOWLINE CORP. 


World’s Largest Manufacturer of Stainless Welding Fittings 
NEW CASTLE, PENNSYLVANIA «+ Oliver 4-554] 


LOS ANGELES 22, 4781 East Third Str. 
MAdison 3-6422 ANgeles 8-3676—TWX, LA 1427 
DENVER 4, 1321 Bannock Bidg. TULSA, 15051 East Admiral Pl. 

KEystone 4-4911—TWX, DN 372 TEmple 5-7575—TWX, TU 1234 


NEW YORK 7, 233 Broadway 


May, 1961 - NUCLEONICS 





WOrth 2-6669—TWX, NY 1-208 



















































































Thermal - 
conductivity 
detector 
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Carrier -- 
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Radioactivity 
detector | | Trap 
Powder - packed Recorders 
quid - soaked Thermostatic 
column oven 


FIG. 1. GAS CHROMATOGRAPHY APPARATUS separates components of gas mixture by 
allowing carrier gas to carry them through liquid-bearing column of powder. As com- 
ponents emerge, thermal-conductivity cell and radioactivity detector indicate arrivals. 
Traps can be used to isolate different components 




















U Labeled Organics in 
===! Gas Chromatography 














When a mixture is separated into its components by the relatively 
new technique of gas chromatography, radioactive labeling of 
appropriate components adds new dimensions to the analysis 


By FULVIO CACACE, University of Rome, Rome, Italy 


several radioactivity detectors have been ap- 


Gas Chromatography 


lutively new plied to the detection probl ms that 
gas chroma- — arise in gas chromatography. In par- Gas chromatography—also called 
"\ eisanaly- ticular, several methods have been  ‘‘ vapor-phase chromatography,” “gas- 
it possible — applied to make possible detection of — liquid partition chromatography,” ‘‘va- 
tions with much C™ and tritium in the effluent gases. por fractometry’’—isarelatively recent 
an have \ recent extension of this technique and rapidly expanding analytical tech- 
When the makes possible the separate assay of — nique introduced by James and Martin 
iter use of © C' and tritium in doubly labeled com- in 1952 (1). As in other chromato- 
ponents, differ- pounds. This consists in breaking graphic methods one uses a separating 
ents can often down the organics into carbon dioxide column packed with a “stationary 
vus labeled with C'*4 and cither water, phase a low-volatility liquid supported 
any other which can be removed, or tritium- by an inert solid of large surface area 
labeled hvdrogen gas, which can be Fig. 1). The mixture to be frac- 
tvpes of separated and counted by itself tionated is carned by a current ol gas, 


FIG. 2. G-M DETECTOR counts gammas as 











effluent passes through heated tube piney 

Heated tube screen G-M tube 
FIG. 3. SPECIAL MOUNTING puts soft- From gas 
beta emitters near thin-window G-M tube chromatograph “ 








From gas chromatograph 











the “‘mobile phase.” 

Because of their different volatilities 
and solubilities in the stationary liquid, 
various components of the mixtur 
emerge from the column at different is ae : Pre Rae . 
times, and their concentrations in the . baie ; ee 


Detectors for Continuous Analysis of Gas-Chromatography Effluents ‘ 


/ ype References Nuclide* V oles 


‘effluent gas can be separately deter- 
mined by a suitable detector. 

The of gas 
‘retention volume ”’—required to elut 
a certain 
under a 
conditions 


volume carrier the 


substance from the colum: 


ned; the 


counter in 


given set of experimenta 


the operated 


ing ot the 


‘ aoe F ip to 200° C A special device has been des ribed to avoid poison- 
is characteristic of 
: ounter by large amounts of pounds at very high 
substance, and the integrated detector 


temperature 


response (the area under the curve) de- 


External flow seintil- //, 12,21 Br*®,Br® 


pends on the amount of the substance 


lation counter 


In addition, by collecting in separat: 
traps the compounds emerging from th Liquid scintillation 


ounting de f 


column, one can use gas chromatog- 
raphy to obtain the components of 
complex mixture in very pure states onization chamber 
Advantages. The 
advantages of gas 
over early separation methods are its 
great efficiency in resolution of mix- 
tures, the small amount of sample re- 
quired and the short time required. 


most striking 


pounds ( imbers have 


chromatography 
ind H§ is 


ivityv for 4 


The efficiency of gas-chromatograp 
columns can be evaluated in terms of 
“numbers of theoretical plates.’ In 
a conventional distillation 
theoretical plate is a discrete elemen- 





column a - 
tary stage in which a complete equilib- tivity gage, allows one to detect less scovery | s and 


rium between liquid and vapor phases than 1 mg of an organic substance 
is reached. the effluent g 
A good laboratory distillation column Coated capillary 
may possess an efficiency of 50 theo- irge numbers 
retical plates and require some tens of 
grams of the mixture to be analyzed lor special l 1 
On the other hand at present it is com- separation of as little as 0.005 mg the 
mon practice to use gas-liquid partitior compounds having a volatility ratio ounds f tures containing 
columns having efficiencies that corre- close to unit large numl f carrier-free impurit 
spond to more than 1,000 theoretical - ith similar structur ind 
plates per meter, suitable for operatior Tracer Separation 
up to 250°-350° C. It 
; ; , \\ 


adopted detector, the thermal-conduc- gas-phas ( tograp! since its the Wil y 


The most wide 
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FIG. 4. 
oven. 
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FOR C'* AND TRITIUM proportional flow counter resides in 
Adding methane makes counting gas of mixture 


FIG. 5. 


solution. 


LIQUID-SCINTILLATION SYSTEM bubbles 
Bubbles stir liquid, and 


gas 


through 


adioactive components dissolve 
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Dilution-gas 
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chamber flowmeter [ 
— . a 


Te jonization 
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FIG. 6. SMALL-VOLUME FLOW CHAMBER is especially sensitive FIG. 7. FOR WORK AT ROOM TEMPERATURE gas mixer dilutes 


to C'* and tritiun 
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Chamber will operate at 100° Cc 


This continuous method of analysis 
offers the remarkable advantage of giv- 
ing a detailed picture of all the radio- 
active volatile compounds—even if 
carrier free. In addition, from the 
ratio between the mass-peak area (re- 
corded by thermal-conductivity gage 
and the radioche mical-peak area, on 


can compute the specific activity 


Methods of Analysis 


Let us now consider various tech- 
niques devel ped for gas chromatog- 
raphy of labeled substances. 

Batch analysis. The simplest appa- 
ratus required for batch analysis is a 
gas-chromatography unit with an out- 
let that can be connected with a 
U-shaped glass tube cooled with a dry- 
When the 
mass detector shows elution of the 


desired compound from. the 


ice or liquid-nitrogen bath 


column 
the trap is inserted and the labeled 
substance is collected 37 The 
simple U tube can be replaced DY a 
manifold trap that permits one to trap 
a number of radioactive compounds. 
Wolf showed that useful informa- 
tion on the radiochemical purity of 
labeled compounds, passed throug! 
gas-chromatography column, can b 
obtained by collecting in two separate 
traps the “‘head” and ‘“‘tail”’ of each 
elution peak and comparing thei 
specific activities; any difference dem- 
onstrates the presence of impurities 
Improved trapping devices | 
been developed recently for situations 
in which radioactivities of purified 
substances are to be assayed with a 
scintillation counter (8 Cases 
ing the chromatograph are passed over 
anthracene crystals (scintillation grad 
coated with silicone oil, which dissolves 


the organic vapors very efficiently 


successive absorption cartridges can be 


effiuent gases so that they do not condense in chamber 


exposed to the gas stream without 
interruption of analysis simply by 
rotating a turntable. 

The antracene-crystal cartridges are 
of standard size and can be directly 
mounted in a_ beta spectrometer. 
This improved assembly is now com- 
mercially available as a beta-spectrom- 
eter accessory (Packard Model 830 
Tri-Carb Gas-Fraction Collector). 

In a very recent paper, W. E. Harris 
has reported the use of charcoal 
absorption tubes for efficient trapping 
of Br*® and Br*? compounds (9). 

Continuous analysis. The experi- 
mental arrangement for continuous 
analysis is shown in Fig. 1. On leaving 
the gas-chromatograph column eluted 
compounds are passed first through the 
thermal-conductivity cell and then 
through the radioactivity detector, the 
outputs of both being fed into two syn- 
hronized recorders. 

The main difference between various 
apparatuses 1s in the radioactivity 
detector, which is chosen according to 
the radionuclide to be assayed. 


Radioactivity Detectors 


Some of the peculiarities of the gas- 
chromatography apparatus pose per- 
plexing problems for the designers of 
radioactivity detectors. Since the ef- 
fluents are parts of a gas stream, there 
is always the matter of bringing the 
sample into contact with the detector. 
This is aggravated when the radiation 
is soft as it is in C™ and tritium. 
\loreover the gas stream is usually hot. 
If the detector is not operated at a high 
enough temperature, one faces the 
danger that components of the effluent 
will condense in the detector. 

G-M counting. With gamma or 
hard-beta emitters, radioactivity in 


effluent gases can be detected simply 
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with a G-M tube adjacent to th ti 
outlet 
chromatograph (Fig. 2) d 
counter is mounted below the flow tubs 


thin-walled 


and separated from it by a thermal 


screen, a thin sheet of aluminum foil. 

Figure 3 shows the device employed 
by Tobin, Kokes and Emmet in th 
analysis of C'4-labeled compounds 
Effluent gases flow through a compart- 
ment enclosing a mica-window G-M 
tube. A similar assembly, employing 
two mica-window G-M counters, has 
been adopted by Russians (74) and by 
Napier and Green (15) for analysis of 
C'*- and I'3!-labeled compounds 

A device that includes a 27 propo 
viewing the opposité 


tional counter, 


Mylar windows of a glass cell throug 
the chromato 
graph are passed, has been rv 


which gases leaving 


described for the analysis of N ibeled 
substances (16). 
Wolfgang and MacKay (1/7) hay 


developed a window counter in whic] 
from the chromatograph 
thin-walled tube inserted 
into the sensitive volume of 
tional counter. 
tube-wall thickness they get satisfac- 


gases 
through a 
a propor- 
By a proper choict 
tory discrimination between C' and 
tritium. 

But the efficiency of external G-M 
and proportional counting devices is 
small for weak beta-emitters; tritiun 
cannot be detected. 

Proportional counting. The count- 
ing efficiency for C'*- or tritium-labeled 


compounds can be markedly increased 
by passing the effluent gases direct! 
through a flow proportional counter 


The detector must withstand hig! 
temperatures to prevent high-boiling 
vapors from condensing within thx 


sensitive volume. Only in the analysis 


tube ol tne vASs 
10-12). The 


volatiie or trace 


compounds 


in the counter be ope rated at room 


temperature. 
For example, Gordus, Sauer and 
Willard (12, 18 


f traces of tritiated compounds 


use a 10-ml counter for 
assav o 
Since mixtures of methane with organi 
compounds have satisiactory counting 
properties, methane has been chosen as 
carrier gas despite the low sensitivity of 
the katharometer caused by the small 
between thermal conduc- 


( iffe rences 


tivity of methane and those of most 
organic substances 
\ more elaborate device has peen 


recently described by Wolfgang, Row- 
land and colleagues (17, 19). The gas 


chromatograph (Fig. 4) is operated 


with he t 1 


as carrier gas so that on 


ybtains high sensitivity with the 
Katharometer On leaving the column 
ind before passing through the propor- 
tior vunter the helium is diluted 
with methane The resulting mixturt 
ibout equal volumes of methane and 
heliu is suitable for proportional 
counting In an espec ially designed tube 


The proportional plateau of such 
ounter is more than 50 volts long even 
the detector is operated in the 
chron itograph at t mperatures up to 
Since its sensitivity for (¢ 
ind tritium is great, the Rowland and 


julpment is very efficient 


in tl sis of ( or tritium-labeled 
pounds Counter efficiency is 
~ 95 background in a 1I-in 
shi being 25 cpm for a tube having 
-i] 1. and 4-in. active length 
A drawback in the use of proportional! 


ounters is the possibility that their 


ncies Vil be affected by large 
amount rganic substances emerg- 
ing from the chromatograph column 
spe t very high temperatures 
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DOUBLE-SEPARATION SYSTEM permits separate 


counting of C!* and tritiun 


ctory 


\ satis! method to overcome 
the poisoning of the 
the organ 
the column is to add a 


of the 


counting gas by 
ompounds emerging trom 
constant amount 
The , 
satisiactor operation ol! 
ited to 


tritiated 


poisons to the vas 20) 
users Obtain 
their pr 


210° ( for the analysis of 


portional counter, he 


toluenes and nitrotoluenes 
Scintillation counting. In the anal 
VSIS OF Substances labeled with yamma 
or energetic-beta-emitting nuclides scin- 


tillation 
fluent 


yunters have beer used 


gases pass at the bottom of a 


thin-walled glass thimble (17, 12), o1 
through a thin-walled glass spiral (21 
fitted on a sodium iodide ervstal 

To prevent organic vapours from 
condensing in the thimble, Evans (12 


heated the whole detector to 200° C in 


spite tl possible cracking of the 
crysta ts sensitivity drop caused 
b ong erate at high te ratur 
For tl sis of ( ibeled gases 
twos ices have been used su 
Cssiu l jluding a plast scin 
tillato! fyandt thie i 
hollow t ntillator the form 
( L Spl 

In t lifferent roach 
empl ng juld seintillate fuses 
eaving tl uy nro itograph unit are 
injected ig! i heated 1 ie tubs 
Into a Cor giauss circuit the sl up 
shown in Fig. 5 (24, 2 The glass 
ircuit ith a solution o 
rga t tor B t! es 
ape Irom tl himney, tl irrier gas 
bubbles iuse the hquid to reulate in 
t} h v tr ) 

Orgar rs. cond ( i dis 
SOLVE t id solutior rous 
reulat ted by the g tre 

ensures te mixing wit f 
onds. 7 body of the tra 
t} u t a phot ilt ( 
tube, and t photo t itput 
ilter t is tl 
temet ted to ( 
In tl met 
nteg t the rad t t 
beled , ’ vy { 
l I re ldit \- 
( hes 
gh os t t t t 
rer 0 tive subst ~t 
t hig! tr rt 1 Tf 
it ( | nim ze Ul on 
7 r i t t t} 
trap so ti t ' } L t } 
tillat ’ t lit ; + 
r} t ting de it 
byl¢ ‘i hele t int vr 
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FIG. 9. WILZBACH-LABELED TOLUENE shows presence of carrier- FIG. 10. PURIFIED RADIOACTIVE COMPOUNDS hove mass peaks 


free products in amounts so small that only radioactivity detector 


responds to them, mass detector does not 


( ind tritium-labeled compounds. 
The detector geometry 1s satisiactory 
st (72°,) of the scintillator 

s contained in the glass bulb. 
aL i s of tritiated samples, 
yhototube detectors 
ither high background if they 
isted for good counting effi- 
Phi ounting efhcency of 
this hquid ntillator device is 20% 
for tritiur vit! n electronic noise ot 
d of 12 eps 


lonization chambers. A flow ioniza- 


tion chamber coupled with a vibrating- 
eed trometer has been used by 
Wilzbach and Riesz, who include the 
on chamber in the oven of the gas 
chromatograp! ind insert it with 

iting (Nvlor fittings, directly 


mductivity cell 
CT Fig. 6) has a 


~ RY ind 1s especially 


up to 100° C 


Because of its sma olume, the 
Wilzl | ber has a very high 
yg r t encies tor C!4 

{ tritiu re respectively, 20° and 

7 nitrogen is emploved as 
It detect about 


0 ne ot tritium in one pe ak 


Ith smaller than 


t} 
| _M. J built ronization 
operation at 

225° ( S The have a working 
{y eflon being used for 

the main insulator to avoid stress 
irrent that riginat In ceramnu 
nsulator t high temperatures. Im- 
| ibers described by Dobbs 

) \la Dutton and Bair 
heave en operated at tempera- 
tures 1 te 240 ( With these 
hamber 0) cune of tritium in one 
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(shown by thermal-conductivity detector) in coincidence with peaks 


of radioactivity. The coincidence proves the purity 


peak has been measured. More re- 
cently Dutton has worked out an 
apparatus that is far superior to the 
earlier system. 

Ionization chambers have valuable 
features. Their response is independ- 
ent of the chemical constitution of 
both eluted compounds and carrier gas; 
they afford absolute measurement after 
one calibration; they can be dis- 
assembled for decontamination pur- 
poses without destroying calibration. 
The sensitivity of the ionization- 
chamber — vibrating-reed-electrometer 
assembly is quite satisfactory for 
analysis of C'4 and tritium. 

To avoid troubles arising from the 
construction and operation of chambers 
at high temperatures, I have developed 
an apparatus that operates at room 
temperature (Fig. 7) (31, 32). The 
gas stream flowing from the chromato- 
graph is diluted with a current of pure 
carrier gas in a suitable mixer. The 
dilution is effected in such a way that 
the total flow rate is a constant at 
which the ionization chamber has been 
calibrated once for all. 

The radioactivity measurements are 
consequently independent of the carrier 
flow rate chosen for separation. More- 
over the relatively large volume of gas 
in which the vapors leaving the column 
are diluted eliminates the need of heat- 
ing the ionization chamber. About 
5 X 10~° curie of tritiated compounds 
can be detected in one peak. 

As a final advantage with a system 
of this type, a chamber having a vol- 
ume of about 100 ml—very efficient 
indeed for the measurement of C'* and 
tritium—can be used without apprecia- 
ble loss of resolving power, owing to the 


increased speed of the radioactive gas. 


Analysis After Conversion 


My colleagues and I have recently 
reported a new method for radio- 
metric analysis of C'-labeled sub- 
stances separated in a gas-chromato- 
graph column (33). It is based on 
conversion of the organic vapors in the 
effluent into water and carbon dioxide. 
The gas stream from the column flows 
through a silica tube heated to 750° C 
and filled with copper oxide. The 
combustion gas mixture (CO, and 
H.Q) is dried in a silica gel trap before 
the carbon dioxide passes through the 
thermal conductivity cell and the 
ionization chamber. Regardless of the 
separation temperature both mass and 
radioactivity detectors are operated at 
room temperature. 

This technique affords a number of 
advantages as long as the sensitivity of 
the katharometer is markedly improved 
when operated at room temperature 
and high-boiling organic substances are 
prevented from condensing in the cham- 
ber. Moreover the chamber measures 
the activity of one gas—the carbon 
dioxide—and is operated at constant 
temperature and flow rate. 

A still more sophisticated assembly 
for analysis of compounds doubly 
labeled with C™ and tritium is shown 
in Fig. 8 (34). Leaving the column 
organic vapors go into a silica tube 
packed with copper oxide and reduced 
iron heated to 725 + 10° C, and the 
gases are converted into a mixture of 
carbon dioxide and hydrogen. 

These gases are separated in an 
auxiliary column and passed through 
the mass and radioactivity detectors. 
Thus two separate peaks (due to 
carbon dioxide and hydrogen, respec- 
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tively) correspond to each organic. 
From the ratio of the areas in the 
carbon-dioxide and hydrogen peaks 
from the katharometer re- 
cording one can calculate the empirica 
formula of each eluted compound 


deduced 


Radioactive Separations 


gas-( hromat g 


A few examples of 
raphy applications to separation 
radioactive substances will giv é 
reader a general picture of th 
that can be obtained. 

One of the most difficult tasks 
identification o 


atom chemistry is 


labeled substances produced by 
of short-lived nuclides. Often 
time required for efficient purif 
(including fractio1 


and isolation 


distillation and paper chromatograp! 


is far too long in relation to the half 
life of the 
chromatography has succeeded in dé 
termining the distribution of 10-min N 
activity [produced by the C'2(d,n)N 
reaction] in organic compounds and 
carbon tetrachloride (16). In su 
way the predominant productior 


nuclide involves 


radioactive cyanides was demonstrat: 
N'%-labeled nitrogen and nitrogen 
ides have also been detected. 


their very small amounts—too small 
to be detected in the mass analysis. 
sy collecting in separate traps the 
veaks emerging from the column, on 
in use gas chromatography also as a 
preparative technique; Fig. 10 shows 
t! rad hemical purity of organ 


ls (prepared by the Wilzbacl 


iously purified by gas 


\ t ipplication of gas chroma 
tography to tracer work with labeled 
olecules, in the field of organic radia 
hemisti is shown in Fig 

The mass and activity analysis 
xtur of C-labeled methan 
C.H rradiated to 10° rads tl 

im! sis shown 






The efficiency of gas chromatography 
n tl paration of substances hav- 
ng a strictly similar volatility makes 
t poss n some instances to differ 
ntiate isotopic molecules—molecules 
that are identical except that th 
ynta ilferent tsotopes of a give 
element Thus Wilzbach and L1ESZ 
mstrated measurable differences 
t the retention volumes 
rdinat ohexane and cyclohexan 


ontall g tritium 


atoms (56 


VSIS Ol highly radioat t 





Application of gas chromatogra gases ton and xenon), during ab- 
to preparation of pure tritiated sorption on the column the heat pro- 
pounds by the Wilzbach gas-exposur luced by radioactive decay causes 
method is shown in Fig. 9. local rise of the temperature 

You can see that toluene is Hence, the rear of the absorption band 
taminated by a number of carrier-fre¢ tends to move faster than the front 
radioactive impurities, including ber vith a remarkable contraction of tl 
zene, cyclohexane, cyclohexene and t 
hydrogenated toluenes. The impur 
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FIG. 11. 


MIXTURE OF C'4H, AND C;Hs irradiated with gamma rays shows production of 


labeled hydrocarbons ranging from ethane to hexanes in its gas chromatogram 
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“7 =©3=— Counting Soft Betas 








Choosing a Method for... 


For counting the soft betas of C’’, S”’ or tritium you will use a 


solid counter, gas counter, ionization chamber or scintillator. 


Here are some criteria that will help you choose among them 


By DAVID R. CHRISTMAN, Brookhaven National Laboratory, Upton, New York 


ited|y pose 
Organic chem- 
choose Among 


lifferent meth- 
tivity of Cl 
ides that 
ft Keach of these 


sured as a solid, a 


» the raqdionu 


] in be measured 
tional or G-M with 


with solid or liquid 


ounting 
\ ng these methods 
ike it advan- 
rtain conditions, but 

them is a panacea for all of 
emist’s counting prob- 

In fact with each 


rise that cannot be 


method some 


it one of the other 
one ¢ hoost Pe | par- 


the standpoint ol 











Solid counting 











disadvantages, problems, applicability 
and cost? 
We shall see that for 


that can afford more than one counting 


a laboratory 


system best results can be had with a 


combination of several methods. The 
combination that best serves an in- 
dividual need varies with both total 


sample load and type of samples. For 
a light sample load gas proportional 
counting appears to be the most uni- 
versally effective method (except for 
air monitoring and very activ samy les 
for which ion chambers should be used 

This is especially true if small disinte- 
gration rates are frequently encoun- 
tered 


large samples with low specific activi- 


For larger sample loads and 


ties a liquid-scintillation counter is 
best—but 


available for use with samples that 


only with method 


a gas 
cannot be easily handled with scintil- 


lation methods. 


How Do We Count? 


Since the characteristics of different 
radiation-detection methods can be 
found elsewhere (for example, Ref. 1), 
we can limit ourselves here to a few re- 
marks on statistics and a comparison 
of the methods (See 


The precision with which any radio- 


table, Page 52). 


activity determination can be made is 
limited by the total number of events 
that affect the detector. The standard 
deviation of any net counting rate can 
be computed by standard methods (7), 
and better precision cannot be obtained 


regardless of the amount of care taken 
in handling the sample and in counting. 
In actual practice one cannot do more 
than approach this precision (see Ref. 2 
for a specific example). Under normal 
conditions it is almost impossible to 
count samples with a total standard 
deviation of better than ~ +1%, 
with reasonably active samples. At 


even 


low counting rates even that precision 
can only be approached with long 
counting periods and special equipment 
(heavily shielded anticoincidence 
counters and special circuitry) not nor- 
mally available (3, 4). Such counters 
are usually used only for such applica- 
tions as carbon dating (4) and are quite 
expensive and considerably more diffi- 
cult to maintain than ordinary counters 
Let us be 


concerned only with ordinary equip- 


used in most laboratories. 


ment more or less readily available. 
It is 
counters mainly as proportional rather 


convenient to discuss gas 
than G-M counters because of the con- 
siderable advantages inherent in pro- 
portional counting. Most of our re- 
marks apply equally to both types, 
The chief advantage of the 
proportional over the G-M counter lies 


however. 


in the very much greater counting rates 
that they can accommodate because of 
short dead time inherent 
operation. A G-M 
counter becomes virtually useless at 


the very 
in proportional 


counting rates over ~25,000 cpm, but 
a proportional counter can be used at 
rates as great as several million counts 








per minute if one makes appropriat forms in which nuclides ar infinitely thick”’ samples are used (a _ 








coincidence corrections (/, 5). Fur ounted are also important. thickness in which all emitted particles 
thermore, proportional counters appeat , ’ from the lowest lavers are absorbed by 
to be somewhat less sensitive to many Solid Counting the sample its« Great care must be 
impurities than are G-M counters under Probably more widespread at present taken to ensure uniform deposition of 
similar conditions. Both methods have than any other method of counting the sample on the counting planchet, 
been successfully used for internal gas beta emitters is solid counting chiefly and consistent counting geometry is 
counting of both C4 and tritium (6, ? because of its relative cheapness. It needed if samples are to be compared. 
but there is no apparent technical ad is, of course, the least sensitive method Counters are used either with a thin 
vantage to G-M counting except for ind generally, the least precise of thos« window between the sample and the = 
the less sophisticated electronics needed discussed here (see table). Constant counter or with the sample actually in- 
for G-M operation. Points of differ- standardization and correction for such — side the counter 
ence are also shown in the table. Th phenomena as backscattering and self- With organic samples a problem with 
individual characteristics of the differ- ibsorption (8) are necessary, unless windowless solid counting is contami- 
Comparison of Non-flow Counting Methods 

Gas Ion chamber iquid scintillat tion 

Solid" proportional ~250 coincidences be 





Cc H? se H ue H ut. H u,* H 


Precision 
Over-all rms o (%) with samples of 10,000 dpm counted to at least 20,000 counts® 
3-5 6-10 1.9 1.9 0.75 l | 2 | 
Over-all rms o (%) with 100 dpm and 2 hr total counting time 
7-10 not Ms dd t 12 é ri ) 1D 
detectable 
Sensitivity 
Calculated minimum disintegration rate (dpm) for counting precision of 1% in 2 hi 
$000 21,000 275 275 240 1,500 200 O00 2795 1.750 
Minimum detectable disintegration rate (dp ipproximate 
20 200 2s p, Ss 10 2 ( > 0 
Iniensity limits 
Maximum countable disintegration rate (dpm 
2 X 10° 10° 2 xX 10 12 x 10 ;x 10° 2x 10 10 5x i 10 5x10 
tl i el 
(proportional 
5 xX 10° lo xX 10 
ee a el 
(G-M 
Maximum effective or usable sampl 
25 mg/em? 0.7 mg/cr 1; 0 6 of volume of | yt sme 
lime chamber ie] na On Sample 
Approximate cost’ 
$1,400 (proport ona $1,500 Ss? OOO $6). 500-12. 000 S$? 500-4. 500 
$ 600 (G-M 
* Thin window counter with background ( nd 4 i I f is S$: gas proj 0 
cu Windowless counter with background of 50 epr and t r y incidence 10 for ¢ I 
for tritium. Counts are per square centimeter at infinite t knes ambers (1 + 0.1) * 10 
> Efficiency taken as 75% for C™ and 20°, for H These fig - 2x 10°" amy For C' obse 
only to situations with no quenching by either substitutents > € tritiur ~3 x 10 
compounds show such effects strongly (34), and eff ncy and sens t , £ With an anticoincidence nter back, n be i t 0 
be zero in such cases epm for borosilicate ass t 
© For single tube counters efficiencies are mparable t r lence th 5 epm background n let ) 
counters, but backgrounds may run from 25 to 200 epr Background and For scalers that can regist« Of 
efficiency of these counters vary widely, howeve and the gures given ir ng on scaler dead t é ist be | 
this column are only representative Individua nits n be siderat 1 G-M counter. max , te 25 OOK 
better (or worse). Here background taken as 50 epm for ¢ 1 100 Without special pu ation of CO 
for tritium Cost for complet 
4 Actual standard deviation from published results or estimates | { ncluding one proportional ter (ea id nal $15~-$100 g ot rs 
published results, personal experience and mmunications f othe onstruction) and one ior ‘ r ea sddit $50—-3300 
workers. size and construction) whe Apy ‘ I amber it les $800 f 
© Counting time divided between sample and backg ndinopt t ecorder No acuu eq ment is led these est t \ 
ts/th = (rs/rb) 2 (6). figures include suitat is R. 3 i f 
‘ Standard deviation >25%. Total counting time 4 hr I nters G-M counter; larger | © ime jes unive nd f nte } h 1 
taken as 4% over background, except 1 epm « rt kg nd f ( s i ther G-M or proportior region | ncides 
(infinitely thick sample) or liquid scintillatior tit Back i tak yunte arger price it " t af . 
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Gas counting 








nation of the counter by volatile sam- 
ples. Such contamination makes fre- 


quent dismantling and cleaning of the 


counter necessary Air must be swept 
out before counting each sample, and 
shifts in the plateau voltage may occur 
inless this is done carefully and repro- 
ducil Furthermore windowless 
counters are generally more expensive 
than ec varable thin-window counters. 
For these reasons solid C'*-labeled 
materials are usually counted with thin- 


window counters even though some 
oss in sensitivity results 

Even tritiated organic compounds 
have been counted as solids (9-11), but 
infinite thickness is about 0.7 mg cm? 
ind efficiencies greater than ~4°% have 
Windowless 
counters must be used. It is apparent 


not bee! i hiv ed 1) 


that such counting of tritiated com- 
pounds is most difficult but usable 
ontrolled conditions. 
For precise work crystallization of the 
sample must be prevented (10), and 

rsally applica- 
v rough checking 
of fairly active samples 

Counting efficiencies for C'™ and S* 
in the range of 2-50%, 
tvpe of counter and size 
of samplk For these nur 


des infinite 
ut 25 mg/em?*, and 

t} ker mples do not increase the 
nting rate (the lo, of course, de- 


inting efliciencs 


counts 

sample These 
ften counted as barium 
sulfate, prepara- 
tion ol ! I nvolves combustion to 
fur trioxide by one 
of tl standard methods (6, 12-14). 


ounted directly 


j 


organ compound, 
however, if careful standardization is 
employed, and in this form the method 
becomes fairly rapid. In view of the 
samples must have 
relatively high specific activity to pro- 


luce sufficient counts in a reasonable 
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One can make the absolute efficiency 
of windowless solid counting approach 
50% for C'™ or 8** by using very thin 
(and therefore small) samples thus 
minimizing self-absorption and taking 
advantage of backscattering etc. 
Maximum counting rates are achieved 
at infinite thickness, however. 


Gas Counting 

Many radioactive gases can be 
counted directly with very great 
counting efficiency. The sensitivity of 
the gas counter is essentially 100%, 
exclusive of the end sections and en- 
trance tubes, and counters are easily 
designed in which these parts occupy a 
small proportion of the total volume. 
Absolute sensitivity of gas counting is 
the greatest of any of the available 
methods, but since sample size is 
limited, other methods can be superior 
with low specific activities if large 
samples are available. Typical use of 
gas proportional counting has been de- 
scribed by several authors (6, 14-19) 
and G-M counting has been similarly 
employed (6, 15, 18). With G-M 
counting, the total filling pressure must 
be reproducible, often at considerably 
less than l-atm pressure. 

It is not possible to count some gases 
in proportional (or G-M) counters for 
a variety of reasons. Such gases gen- 
erally include those that react with 
counter parts and those that are so 
easily ionized as to form a conducting 
path in the counter at a potential 
smaller than that at which a plateau 
occurs. Carbon dioxide from wet or 
dry combustions (6, 12, 14, 19) can be 
used in proportional counters, however, 
without special purification as long 
as it constitutes less than ~25° of the 
total filling. The remainder of the 
proportional filling usually consists of 
either P-10 gas (90° Ar, 10° CH, 
Matheson Co., East Rutherford, N. J. 
or pure methane. The addition of the 
extra filling gas is extremely easy and 
takes less than 1 min per tube, but the 
counters must then be allowed to stand 
before counting to ensure thorough 
mixing of the gaseous components. 
With techniques now developed, mem- 
ory effects are generally negligible with 
Nickel 


oxide has been found to be superior to 


either wet or dry combustions. 


cupric oxide (CuO) as adry combustion 

catalyst from this standpoint (74). 
For tritium, either hydrogen or the 

lower hydrocarbons can be used as the 


sample gas. With hydrogen one must 


use at least 50% methane or P-10 as a 
filling gas since pure hydrogen ionizes 
at the voltages needed to count in the 
proportional region. The Wilzbach 
combustion method (20), which yields 
a mixture of hydrogen and methane 
from organic samples, is an extremely 
useful means of producing tritium sam- 
ples for proportional counting (7, 2/7) 
as well as for use with ion chambers as 
it was originally designed. These 
methods of producing suitable gases 
for proportional counting (or ion- 
chamber measurement) of C' and 
tritium have the virtue of being a con- 
sistent means of producing easily 
countable samples from nearly any or- 
ganic compound or water. All samples 
are treated similarly, both in prepara- 
tion and in counting, and consistent 
precision and efficiencies are easily 
Potassium perchlorate has 
also been used as an oxidizing agent 
under somewhat similar conditions 
with apparently excellent results (19). 

Tritium has been counted as water 
vapor in proportional counters (18, 22, 
23) but memory effects and relatively 
poor counting behavior make this a 
rather questionable procedure. It is 
much safer to reduce water to hydrogen 
or to produce a hydrocarbon from it, 


obtained. 


especially since a number of reagents 
accomplish either transformation (24). 
Labeled water should be exposed to a 
minimum of glass at all times because 
of memory effects. 

If partial pressures of carbon dioxide 
greater than ~1!4 atm are needed, one 
must resort to extensive purification 
(as in carbon dating with gas propor- 
tional counters) (4). If only moderate 
purification of carbon dioxide is needed, 
gas chromatography using a silicone- 
on-firebrick column is a simple and 
efficaceous means of removing most of 
the common impurities. With such 
columns there is no cross contamina- 
tion with C'™O, or CO} or even S*O.. 
As much as 2% sulfur dioxide in P-10 
has been successfully counted in the 
proportional region (a) with a glass 
counter that has a cathode of a con- 
ducting coating of tin oxide and (b) 
with a stainless-steel counter (25, 26). 

Gas counters can be made in a num- 
ber of ways, but for low-level work the 
material from which the walls are made 
is important. They should be con- 
structed of metals (27) or of selected 
optical grade quartz (28) since borosili- 
cate glasses currently show rather large 
and varying background effects due to 
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the 
Within reason, size is not critical wit! 


radioactive atoms in 


glass 25 


these counters, and some with 


ume of several liters have been used 


successfully. 


lonization Chambers 


Ionization chambers have been e1 
ployed principally to determine activity 
in gas samples 
similar to those used with gas counters 
—but the chief areas of usefulness 
the two methods are somewhat differ 
The ion 
with almost any gas that does not react 


ent. chamber can be ust 
chemically with the chamber walls and 
it is relatively to 
gases that would be impossible impuri- 


insensitive man 


ties in a counter 
itself). 
paratively large total activities can bi 


(for example, ait 
As shown in the table, com- 


determined in an ionization chamber 
(as much as 1 me in a sample). It is 
generally possible to use a larger san 
ple in a chamber than in a gas counter 
An excellent 
method has been published (29). 


general review of the 

The ionization chamber is ideal for 
such applications as measuring activit) 
in (dried) breath as it is exhaled b 
animals (30)—a job that can be don 
otherwise only by taking aliquots at 
different times and treating them as 
separate samples (3/). 

To obtain 
with the 
usually converts liquid and solid sam- 


satisfactory sensitivity 


ionization chamber, one 


ples to gases. The methods are gener- 
ally similar to those used in preparing 
samples for proportional counting ex- 
cept that purity of gas samples is rela- 
tively unimportant. A 
apparatus can be used to decompos« 


very simpli 


a Ol- 


that is, in samples 




















ionization chamber 
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ind introduce the carbon dioxide into 


in ion chamber, since the evolved gas 


an be simply slowly into the 


swept 


evacuated chamber with a carrier gas 


arrier can be air, but other filling 
ive somewhat better sensitivit 


liquid and solid samples 


n be uunted directly. 

Although ion chambers have tradi 
tional ( cylindrical, spherical 
nodels are also being made currently 


These are cheaper than the olde 
ire available with interchange- 
ible tops of different sizes to fit a stand 


ard base and show improved electri 

the wall is at a con 
Irom the 
It is probable that this type 


displace the older type 


properties 


since 
stant distances center of the 
chamber 


imber Will 


or most applications in the future 


Liquid Scintillation 
recent method ol ae 


termining many active nuclides, liquid- 


scintillation counting, applies to all 
nuclides nmonly used in organi 
hemisti Under many circum- 


stances 10 18 D far the easiest way to 


‘ount rg samples some com- 
uunds, however, cannot be counted 
lirect this means and others on 
ith difficult The field has beer 
overed in a book consisting of the 


papers given at a symposium on the 


subject at Northwestern University 
sSepte De! 1957 3 and a recent 


compounds avery large 


to the 


sample can be used—even up 
volume of the sample cell for compounds 
lene (10—50 em 


the 
For this reason the method is capabl 


and xy 


or more, depending on counter 


of detecting much smaller 


specific ac 


tivities than any other used 


now 


inds that cannot be 


used 


is primary solvents very large Samples 
in ofte dissolved and counted 
Che pound must not show serious 


either be 
whi h f bsorbs the ligt tT 


quenching effects, however 
cause of color 
because 


emitted b the phosphor or 


the compound has a lower activation 


energy for the ibsorption of thi energy 
than 
Compounds that exhibit 


effect 


reieased n the decay does the 


phospl or 
include 


the ibsorption man 


ildehydes, ketones, amines, acy 
halides, halocarbons and heterocyclic 
ompounds (¢ Light absorption by 
olored compounds is, of course, very 
serious and makes it impossible to 


ount vellow or red materials except at 


high auluth 


output trol 
used rol th 
$000 A, ar 


sorbs in tha 


to one extel 
Usually 

ore count 

vives tl 


unting 
she iil 
ind the eff 

iss O 
tion I iy 
it} I 
ilter the t 
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purpose 
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solution 
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tillator solutior 


ilthough some 


to handle 
primene 
method 


~ 


ome sullul 


ounted au 


Another a 


ples 1nsolu 


been 


finely divides 


to coun 


The peak of the light 


n the common scintillators 
about 


ab- 


urs at 


Ss purpose oc¢ 


| I 


Wd any compound that 


t region will show this effect 
t or another 

ombustion is needed be 
y pie ind this tact 
i itag ( iving 
t ind not esti Ing 
mM pe yy irgument 
pound desir 
. tur Is sO rable 
iving vel ort half 
ist use a minimum 

Su ) preparation 


th iquid-scintillation 
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Liquid-scintillation counting 
. g BaCQ,) can be suc- 
inted this way, and with 


n efficiency as 
But 
taken to ensure 


counting. 


{ the sample with re- 
rt size and degree of 
gy ol Suspensions 
is has also been 
difficult 
the 


etUl l nara satisfactory lor 


tte ted, but it extremely 


esults, and 


\ t! 1 ¢ inting aqueous solu- 


ounting has re- 
Small beads of 

t containing a 
placed in the 
iqueous solution 
, , ~ e the C'4 counting 
bh except under 

litior t would probably 
tive t ount tritium by 

nt Somewhat 

Te a as heen reported lol 
ith anthracene 


7 +} rit + 


, 
or under similar 


liscrimination be- 


liquid secin- 


im. There is a 
factor of ten in 
tritium decays 
difference is re- 
sutput of the phos- 
hor and therefore in the signal from 
the photomult er. Since diserimi- 
the C' and 
(‘l4 
ritiu n be counted simultane- 
the sal sample 33). Other 
iclides of reasonably different energies 


With 


this problem can only 


ito! I lit il eparate 


tritiul ulses almost completely, 


so be handied this way 


solved | ombustion of the sample 


dioxide and 


trapping of irbon 
water in the usual way, then conversion 
ya suitable 


counting gas 


A: relative tedious procedure 
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which is not adaptable to a large num- 
ber of samples. 


Gases and Scintillators 


An interesting counting method has 
occluded terphenyl in a solid plastic 
cell into which a gas or solution can 


be introduced directly (49). Two 
photomultiplier tubes in coincidence 
are sealed to the celi and the usual cir- 
With a cell cavity of 


the counting efficiency for 


cuitry applied. 
~30 cm 
C'+labelled carbon dioxide is ~90°%: 
tritium can also be counted in the sys- 


tem (with an unspecified lower effi- 
ciency). This method avoids filling 
gases for the counter and has some 


attractive possibilities, including possi- 
ble application to determinations of 
radioactive gases from gas chromatog- 
Circuitry 
chanical arrangements are not simple, 


raphy columns. and me- 
however, and commercial versions ol 


the apparatus are not yet available. 


Method and Purpose 


Wolfgang and Mackay have given 
the approximate minimum cost that 
can be expected with each method (27) 
Fora laboratory buying all components 
ready to from 


use a nuclear supply 


company, however, actual costs are 
likely to be considerably greater than 
these 


minima. Our table shows com- 


parative costs on such a basis. Since 
with different counting methods much 
of the instrumentation can be inter- 


changeable, costs are not necessarily 


additive in making several methods 


available. JIonization-chamber meas- 
urements require instrumentation not 
applicable to counting methods. A 
certain amount of glass and vacuum 
the 


liquid scintillation, 


equipment is needed for all of 


methods except 
however, and even with liquid scintilla- 
available to make the 


method universally applicable. 


tion it must be 


Solid counting has only its relative 
cheapness to recommend it over other 
methods, being much less sensitive than 
any other method and allowing a pre- 
cision that compares unfavorably with 
the others 
of relatively active samples, it is cer- 


Except for rough checking 


tainly desirable to displace it with one 
the other methods. All 
radionuclides commonly used by or- 


or more ot 


ganic chemists can be counted as solids, 
but they are usually better measured 
in some way as liquids, for example 
with dip counters or scintillation 


counters (either liquid or crystal). 


Some can also be measured as gases in 
counters or ion chambers. 

Wolfgang and Mackay have dis- 
cussed the sensitivities of the various 
methods of counting static samples 
from the standpoint of the ultimate 
sensitivity obtainable under optimum 
conditions of both instrumentation and 
sample purity (27). It is clear that 
even under ordinary conditions gas 
counting is the most sensitive method 
of determining tritium in a small sam- 
ple (see table) and is as sensitive as any 
forC'™4, The sensitivities for these two 
nuclides are essentially identical, this 
being the only method of which this is 
true. At low counting rates, especially 
with tritium, gas counting is by far the 
most precise method available. 

As I have already indicated, the ion 
chamber is extremely useful with many 
gases that cannot be used in counters 
and also with very active samples. 
The precision at moderate disintegration 
rates is similar to that of gas counting. 
At low activity levels the ion chamber 
is less sensitive (on an absolute basis) 
than a gas counter and is more tedious 
This aspect could probably be 
significantly improved only if the back- 
ground current could be decreased by 
about a factor of ten. 
ble to achieve this by placing ion cham- 
bers in tandem with opposite polarity 
on the two chamber walls. 


to use. 


It may be possi- 


The sam- 
ple would be in only one of the cham- 
bers, and background current caused 
by external radiation should cancel (50). 

Since it is apparent that relatively 
few samples per day can be handled by 
gas counting methods, liquid-scintilla- 
tion counting has an advantage if large 
numbers of samples are involved. 
Sample preparation often consists sim- 
ply of weighing or pipetting the sample 
into the counting cell, adding the sol- 
vent and placing the cell in the counter; 
an automatic sample changer can han- 
dle as many as 100 samples at a time 
without further attention. If 
similar samples are encountered so that 
individual internal standardization is 
not necessary, the liquid-scintillation 
technique is undoubtedly the easiest 
fastest 
the case in medical and many indus- 
trial laboratories where the method has 
found its greatest use (d/, 52). 

Most commercial liquid scintillation 
counters now available use circuits with 


many 


and available. Such is often 


two photomultiplier tubes in coinci- 
dence. Although background noise is 


(Continued on page 64) 
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By ROBERT B. SPOONER, Koppe rs Con pany, Pittsburgh, Pe nns 


For BLAST FURNACES like the one pic- 


tured at left we are developing a new 
kind of gage that looks down on the 
charge surface and determines its level 
by detecting gamma rays scattered from 
it. The operator will have a continu- 
ous indication of where the charge sur- 
face is, what its contour is like, and 
how fast it is moving. 

Gamma rays are collimated to ir- 
radiate a diameter of the surface from 
above as shown in Fig. 1 on this pag 
Some of those that are scattered reach 
a detector that scans in both elevation 
and azimuth. The elevation angle at 
which the greatest counting rate is ob- 
served corresponds to the height of the 
surface at any particular azimuth angl 
By scanning in azimuth the detector 
can view the entire diameter. 

The gage that we are designing wi 
not be the first that built. 
Preceding it are a number of experi- 
mental laboratory models built to 
demonstrate the principles of opera- 
tion. We have completed a set of 
experiments that demonstrate to us 
the feasibility of our system. 


What is Our Problem? 


Although blast furnaces have been 
many has 


we have 


for no one 


in use 
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years, 


roaring blast furnace? 
a diameter and find the height with a scanning detector 


Scanning detector makes . . . 


looked into the top o! an operating lur- 


nace. Even if it were possible to in- 


stall a window, dusty would 


gases 
from seeing the sur- 
call the 


prevent any one 
burden,” as we 
| the 


( harged 


face of the 


material into furnace 
Neve rthe less tor good process control 


wants at all times to keep 
the level of the 


the operator 
burden near a pred ter- 
stor kline Moreover he needs 


more than just the level of the 


mined 

to know 
particularly concerned 
And there ar 
other questions he would like answered 
vel the highest point 


Are there nonuniform 


burden: he 


with how it is mo 


Ing 


Is his measured le 
on the surface? 
t may lead to channeling 


that 


onditions tha 


other difficulties 


» 


of gas flow or 


Miuction 


mit pre 


System Installation 


Our gamma rays come trom a source 
collimated to irradiate a diameter of th 
ollimated detector can be 


Ab- 


which 


surface; the 
point on the surface. 
solute intensity measurements, 
lengths, scattering 


depend on path 


e density 


materials, surfa and slope 
dust content in the gas above the sur- 
variables are not neces- 
only that the 


ition angle of maximun 


and other 


sarv. We re 


f 
ace 


quire system 





Blast-Furnace Gamma Gage 


How do you watch the charge in the hot, dusty atmosphere of a 
This system will direct gamma rays at 


letected 1 it rhe level is then 
determined from the geometrical ar- 
rangement that es this condition 

himbles in the upper part of the 
Diast furnace Will be so designed that a 
sOUrce ~150 ries of Co ind a 


detector nserted Irom outsicde 


tl irna ( wonents of our 
tem are not subjected to the furnace 
atmosphere, but are protected and look 
hrough windows iu nt t ~ 
1. of steel sucl s tho have 


studied in our preliminary experimen 
Since the 


interested in absolute height as 


Ss charge for tl protot 
svstem we | set 6 In. as req | 
i ira nae! rst onditi Ss and 
re irranging me scan a t] 
furnace every 2-5 min Each sean 
take 30-60 se These conditions are 
the results of many design compromises 
that weigh accura ind speed of scan 
igainst source strength 

The azimuth scan ll be automati 


a In 


Call programmed ind controlle 


elevation the detector will continually 
seek and track the position of maxi- 
mum signal as the azimuth = scan 
proceeds \otions of the detector will 


provide variable voltages in an analog 


it will give a direct height 
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reading as a function of position along 


the furnace diameter. 


How It Works 
In re | 


continuous 


form that permits successive or 
measurements across & 


diameter of a furnace, the profilimeter 


ippears as shown by Fig. 1. The 
source is in a collimator that directs 
radiation in a fan-shaped beam across 
the specified furnace diameter. Other 
more complicated beam arrangements 


can be used for additional information, 


but our arrangement is the most direct 


our experimental mod- 


the first and most obvious problem 
1 math y ti system work was to 
s| 1 the detector from direct and 
extraneou ittered gamma rays. 
lo reduce this radiation to a small 
fraction of the desired seattered radia- 
tion required a combination of bulk 
‘ hadow shielding. Both source 
ind detector were surrounded by steel 
bulk shielding ~6 in. thick, and an 
vdcdit } steel shadow shield- 
gy WA vided ft each on the side 
te irds the othe 
Experimental system. The objec- 


tives of our experimental program 


er i) to study the basic scattering 


prot ind (b) to determine effects 
eters iportant to the opera- 
tion tl accuracy of the system. 
first iled-down arrange- 
t i shielded 10-me Co! 
— 
q 4 
4 | 
) a = nt tio j 
i inter 
4 sa 
{| “ 
‘ s LJ i 
‘ H 


4 A —_ 


FIG. 2. HALF-SCALE MOCK-UP uses brick 


surface to represent furnace burden 
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source directly over the surface to be 
(The original idea for the 
prototype was to install the source, 


measured. 


safely out of reach, in the vertex of the 
large bell. But occasionally a large 
bell falls into the furnace under a load 
of charge. The only thing to do with 
it is to let it go on through the furnace.) 
Our shield was a 1-ft cubic box contain- 
ing steel-brick shielding and a remova- 
ble collimator section. 

The detector, similarly shielded and 
collimated, was a 1-in.-diameter, 1-in.- 
thick Nal(TI) scintillation crystal and 
a photomultiplier. It could be 
justed in azimuth (@) and elevation (0) 
The 


slot-shaped source collimator gave a 


ad- 
to scan over a built-up surface. 
narrow irradiated strip on the test sur- 


the line 
height measurements could be 


face to define along which 
made. 
For most of our preliminary experi- 
detector collimator 


ments the was 


circular, 1 in. in diameter and 54¢ in. 
long. 

Our second system, shown by Fig. 2, 
was a half-size mock-up of the arrange- 
ment one finds in a large blast furnace. 
Source and detector were mounted 6-ft 
above the floor and measurements 
could be made across the entire 12-ft 
furnace. 
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diameter of the simulated 
For this system a 160-me Co 
gave 
irradiated 


source 
available and reasonable 
rates. It 


brick surface corresponding to 


Was 
counting a strip 
of the 
the furnace diameter and extending a 


short distance up the opposite wall. 


Source:160 me Co® 


yo" collimator (\ 
35} | 


25} Below source 


| 
| 
| 
Center (no screen | 







Center(¥a stee 
screen over 
IS} col 


motor 


Radiation Intensity (mr/hr) 
8 


10} 
5 
_— 
ae Th Se ee ef 
Displacement (in.) 
FIG. 3. SOURCE COLLIMATION as tested 


by moving detector on mock-up surface 


Level Measurement 


Successful operation of our profilime- 
ter depends on a combination of source 
and detector collimation coarse enough 
to produce an acceptable signal and fine 
enough to ensure the accuracy that we 
need in the height measurement. 

The accuracy with which a height 
measurement can be made and the 
ability of the system to follow abrupt 
changes in level depend on several 
important system parameters. Chief 
among them are beam width produced 
by the source collimator and width 
of the detector-response curve. 

To test the collimation in both of our 
experimental moved a 
portable uncollimated G-M_ detector 
across the irradiated diameter of the 
test surface and thereby measured both 
incident and backscattered radiation. 
The radiation pattern produced by the 
collimator in half-size 
mockup is shown in Fig. 3 under several 


systems we 


source our 


conditions. The solid curves represent 
three traverses, one directly under the 
source, one at the wall opposite the 
The 


curves show gradual widening and de- 


source and one halfway between. 


creasing intensity as one moves away 
from the source. Also shown is the 
effect of adding a 14-in. steel screen 
over the source collimator as must be 
done to protect the source and collima- 
tor from the atmosphere in the furnace. 
Radiation intensity at the center of the 
surface is decreased slightly, but the 


5 30 3540 45 50 55 
Elevation Angle @ (deg) 


FIG. 4. DETECTOR COLLIMATION meas- 
ured by viewing 0.06-mc radium source 


Counting Rate (103 cpm) 
° 
ae Sa 
Bh 
ge” 
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a sae CaS — 






° 
ry. 


oO 


Counting Rate (10° cpm) 


25 3 35 4 45 50 55 6 
Elevation Angle 8 (deq) 

FIG. 5. SOURCE AND DETECTOR produce 

this pattern when they are used together 


57 








nt 


Bulk-density effect. Toobta 








is as shown by Fig 


ittered radiation as th 





HEIGHT MEASUREMENTS 
step at center of mock-up with fair resolu- 
Level surface made with coke on 
one side and brick on the other gives small 
false reading at density change (b) 


Counting Rate (10> cpm) 





FIG. 7. DUST SIMULATION produces no 


Peak is reduced but still well defined with 
much heavier simulated absorption 


@ 


a 





ounting Rate (103 cpm) 
hb 


\ 


Mm 


FIG. 8. WINDOW ABSORPTION reduces 
response when source and detector 
protected from corrosive furnace atmo 
phere by !,-in.-thick steel plates 
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nd s ey the 6 in. apart over the 
test surfact Che actual total amount 
iter provided in this way was 
Q).0222 It t- of surtace 
\leasurements of the radiation maxi- 
im observed from the 10-me Co*® 
uurce are shown by the highest curve 
Fig. 7 tis the same as that for no 
ort iu i scattering medium. 
WW easul effect due to the 
ited dusty atmosphere. Toshow 
effect we had to add con- 
! iterial into the radia- 
U! e sheets of galvanized 
ti ed It apart. The combina- 
t g 3.39 iterial per square 
t of surface area and a resulting 
radiat k as shown in Fig. 7 
l - been reduced to 0.72 of 
its origi the steel sheets 
Protective windows. Another im- 


; } ; 


ittering prob- 
is ind shi lds 
ecessary to 
profilimeter 


sive atmos- 


FIG. 9. C SOURCE with photons of 
lower energy produc results similar to 
th with C shown in Fig. 7 
e 
| t Suse 
FIG. | RESPONSE TO NARROW STEP 
nds t corners but shows surfaces to 
within n. in half-scale furnace mock-up 
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furnace. Gamma ra- 
able to 


profilimeter 


phere of the 


diation must be penetrate 
them 


operation. 


without impairing 
For a 160-me Co source in our first 

such an 
The detec- 


lowered 


experimental 
effect is shown by Fig. 8. 


arrangement 


and 
of steel 
over the source collimator in the pri- 
The same thick- 


ness of steel placed, instead, over the 


tor response curve is 


slightly broadened by 34 in. 


mary radiation beam. 


detector collimator, and thus in the 
scattered radiation path, has a con- 
siderably greater effect however. Such 
a thickness, as shown by the lowest 
curve, is enough to impose some penal- 
ties on the profilimeter. 

In the half-scale mock-up satisfac- 
tory operation was obtained with 4 in. 
of steel over the source collimator and 
L¢ in. of steel over the detector collima- 
With the addition of the detector 


} 


window the peak 


tor. 


was lowe red and 
slightly widened. 
thickness over the 


source WAS ¢ hosen primarily lor added 


Greater screen 
protection against possible cobalt cor- 
rosion-product leakage in the prototype 
in the 
blast furnace prototype will probably 
be a thicker layer of 
but of transmission properties 
thos 

Gamma-ray energy. Us 


system. The detector window 


a lighter metal 


( lose té 


of 1¢ in. of steel. 
ol lower- 


energy gamma rays would 


primary 
simplify shielding and increase scatter- 


ing. This gain would be offset by 


greater interaction with extraneous 
absorbing and scattering materials 
however. 

Experiments with a 40-me Cs 


under condi- 
those of the 
Figure 9 shows that the 
those of 


source were carried out 


tions similar to some of 
inst section 
comparable to 


between the 


resuits are 


Fig. 7 and give a ratio 
heavy-absorption peak and that with- 
out absorption of 0.58. The de 
that for Co Even 


suriace 


rease 


is greater than 


the increased scattering, ex- 


pected on the 


basis ol albedo Cal ila- 


tions, does not compensate for it 


Furnace Simulation 


effects studied and 


described in the previous part 


In view of the 
a com- 


plete furnace could be simulated by the 


half-size system of Fig. 2. Important 
parts of the furnace were built up as 
surfaces and walls. Source and de- 
tector system were In proper arrange 


ment and had '4-1n and s-In. steel 


covers over their respective collimators. 
Both brick and coke could be used to 
make up test surfaces. 
need to simulate a dusty atmosphere. 

In view of the small counting rate, 
level determinations were made point 
by point for preselected values of the 
azimuth angle @. And 
these we plotted enough of a response 
curve to give a peak reading for the 
elevation angle 6 and, hence, height. 

An example of a step-function test- 
surface measurement is 
Fig. 10. Bricks were used to build-up 
a step 6.6 in. high and 23.4 in. wide. 
The sharp corners of the surface are 
smeared-out by the limited resolution 
of the system. A short distance from 
the edge of the step the levels are 
measured accurately however (in this 
case to within \-in.). 

The behavior of the profilimeter near 


There was no 


for each of 


shown by 


the opposite furnace wall is also of 
interest and is demonstrated by the 
figure. At the 
tinuity the measurement is not discon- 
Although a small error is 
introduced, the measurements are con- 


surface-wall discon- 
tinuous. 


tinuous and give an apparent surface 
continuation into the wall. 





How Else Can You Do It? 


The conventional, nonnuclear 
way to measure furnace burden is 
with mechanical stockline’ re- 
corders, cable supported weights 
that are lowered until they rest on 
the surface. But several difficul- 
ties affect cable-supported weights. 
Sometimes one rests in a low part 
of the surface or buries itself in 
the charge. Sometimes the cable 
breaks, and the weight is lost. 
Since weights are as heavy as 600 
lb, replacement is difficult. 

Two nuclear methods have 
already been used, one in Republic 
Steel’s Chicago works and one in 
Russia in the Dzerzhinskiy Works. 
Both are beam-interruption gages. 

The Republic Steel installation 
has two sets of source-detector 
Four detectors on a vertical 
line at one side of the furnace face 
four detectors opposite them; at 
opposite ends of the diameter per- 
pendicular to the one connecting 
these sources and detectors are 
another set, three sources and 
three detectors. The Russian sys- 
tem is similar, but it uses only two 
sources and four rows of detectors, 
two rows viewing each source 


pairs. 
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Burnup Experience In EBWR 


Fuel elements and control rods show excellent burnup resistance 


in long-term operation of the Experimental Boiling Water Reactor 


but control parameters undergo changes adverse to reactor safety 


By JOSEPH A. THIE,* 1rgor he \ tional Laboratory. Argonne, / nOowUs 


THE ACCUMULATION of over 8,000 Mwd — as 5,400 Mwd/tonne (0.58 a/o hspecia couraging t m 
of core life in EBWR has yielded quit ©The decrease in delayed-neutron — pletely satisfactor performance of 
valuable information about fuel-ele- fraction with burnup is 50% more than the boron-steel rods (see box); this 
ment and control-system performanc: expected from simple calculations mate! roved an adequate sub- 
as a function of burnup. In contrast ® The negative temperature coefficient — stitute for the mucl 
to the published information on ‘“‘clean,’’ becomes smaller with burnup and ma hafniur Phe bottom tip the four 
t=0 reactor systems, very littl actually change sign and become posi- — boron-ste+ trol rods typ ere 
concrete data are available yet in thes« tive at 16,000 Mwd rt to t g 
areas about the influence of burnup ®The latter two effects produc tion. In this location th fr ed an 
even though the end-of-life problems undesirable changes with burnup in — estimated in ition of @ (0.02538ev) 
may be limiting in reactor design. Thy reactor safety and dynamic behavior t 5X 10" n/en ind a fast-flux 
experience with EBWR provides one of Although this experience is gained fron exposure eral times this valu 
the first sources of this much-needed a boiling-water reactor, much of it will About a tenth of the B'’ atoms initial 
data. The lessons learned includ: be applicable to other reactors as wel present ere burned up by tl 

® The boron-steel control rods have ntegrat 
held up so well that the use of hafniut Control System The t t 
rods now seems an unnecessary expenst Control-system performance during rods as a bank (i.¢., tips 
© The Zr-U fuel has shown no signs of = 2!5 yr of reactor operation has satisfied — isshownin Fig. 1. Shutdown strength 
radiation damage for exposures as high design expectations (1 Some diffi- for the rod configuration defined in th 

ulty servicing, however, stemmed box 1s more than adequate 

* PRESENT ApDRESS: McLain Rodger rud”’ particles falling to the ip to almost S 38° addition I tivit 

Associates, Downers Grove, II! se] 1 by : 4 y 


EBWR First-Core Data 


The initial fuel loading for EBWR consisted 
(see figure) of fuel assemblies of two different 
enrichments (natural and 1.44% enriched) and 
two fuel-plate thicknesses (0.214 in. and 0.279 
in.). The plates were uranium metal alloyed 
with 5% zirconium and 1.5% niobium and 
clad with zirconium. The 4-ft-high core contains 
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9 control-rod positions which take 10-in. X 10- 
in. cruciforms. The inner five are 0.125-in. haf- 
nium, and the four corner “‘rods’’ are 0.25-in. 
boron steel (2 w/o). Zirconium followers reduce 
hot spots from flux peaking as the rods are 
pushed out of the core. The drive is from below 
the vessel by a carriage and lead screw. 
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FIG. 1. 
burnup and/or higher power. (‘$°’’ 
is the value of the dollar in the “clean’’ 
core, 1 § 0.717% reactivity for 
EBWR at 0 Mwd 
Comparisons of control-rod calibra- 

tions at room temperature, at 100 psig 
338° I 1 at 600 psig (488° F) show 
that the strength of the rods increase 
with temperature T, in °F, according to: 
hot-rod strengt! 

room-temperature strength 

1 + 0.71 <X 10°? x (T 70)|. 
rhis increase results from the increased 
tl il-migrati area at high tem- 
peratures that enables the black ab- 


sorbers to see’ further into the core 
ind capture more neutrons. 
A comparison of boron and hafnium 
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REACTIVITY CALIBRATION curve for nine-control-rod bank 


as control materials for the central rod 
gave a worth of 2.07% Ak/k for boron 
vs. 2.02% forhafnium. We mightinfer 
from this that in similar reactors (hav- 
ing similar spectra), !,-in. hafnium 
and '4-in. 2% boron-stainless-steel are 
very nearly equivalent. 

A boric-acid system 
“backup” control system for EBWR 


(2). It has never been necessary to use 


serves as 


this system because of the conservative 
design and satisfactory performance of 
the control rods. 


Burnup 


The reactor was operated for 8,813 
Mwd, giving an average exposure of 
1,600 
The 


Mwd/tonne of uranium metal. 


fuel alloy was uranium metal 


Pressure vessel e 


Control cross 


Thermal shield 


LEGEND 


[|] ZB is 


Thick Thin Thick 
enriched enriched natural 
uranium uranium uranium 


containing 5% zirconium and 1.5% 
niobium, clad with zirconium (1). 
Figure 2 shows the reactivity loss due to 
samarium initially, and long-term 
effects thereafter. (Slight modifica- 
tions of the loading shown in the box, 
such as replacement of the two central 
natural-uranium elements with en- 
riched uranium, have been “normalized 
out” of this curve.) Three-group, 
two-dimensional calculations (3) are in 
reasonable agreement with these data. 

With a maximum-to-average power 
ratio of 3.4 at 20 Mw/(th), the peak 
exposure 5,400 Mwd/tonne or 
0.58 a/o burnup. Examination of fuel 
having these higher burnups showed no 
unsatisfactory characteristics had de- 
veloped due to irradiation so far. 
However, there was a strongly adhering 
scale, a few mils thick, coming from the 
aluminum in the this may 
prove undesirable because of its effects 
in heat transfer. This scale is mostly 
Boehmite, Al.O;-H.O, and has been 
traced to the aluminum boxes in 
empty fuel locations on the periphery 
of the core. The problem presumably 
would be solved by treating the water to 
minimize its Al content using more cor- 
rosion-resistant aluminum alloys, etc. 


was 


water 


Dollar Deflation 


As plutonium builds up, we expect 
the value of the dollar to decrease. [A 
dollar is defined as the percent reac- 
tivity that corresponds to the difference 
between criticality (considering all 
neutrons) and prompt criticality, (con- 
sidering only prompt).] The fractions 


SN UL Is 


Thin Dummy S Source 
natural element 
uranium 
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of delayed neutrons are: 


Fissionable Delayed-ne 


as well as the control-rod pattern 
affect this distribution, especially in 
reactors larger than the EBWR. 


nuclide fraction 
one Flux-distribution measurements ; 
1238 0.0157 foils, wires and fission-product ac- 


V235 0.0064 tivity) have clearly shown the expected 


Pur 0.0021 - effects of voids, control rods and 
Because of Pu***’s small fraction of de- e 4 oseng, Snagelbiain _ shape, i.e. depres- 
layed neutrons as the number of 
fissions from Pu?*® increases, the differ- 
aang more, a direct measurement of the void 
ence between criticality and prompt 4000 6000 800% distribution (6) at 42.7 Mw(th) com- 


criticality diminishes pared quite favorably with that ex- 


Ae -rati re bserve this 
In reactor operation we obser FIG. 2. REACTIVITY LOSS due to samar- pected from a priori calculations. We 


sions in areas of high voids, large 


burnups ornearcontrolrods. Further- 





effect by noting that ’ given reactiv! ium and burnup for two temperatures conclude that existing methods for 

change (such as a 1-in. movement of Load numbers refer to slight changes in aon puting voids and fluxes in boiling 

control rods) corresponds to a shorter core configuration from time to time t hs aalleail z 
rene rs ar l adequa 


reactor period, as burnup progresses. 
Such experiments in EBWR, suitably Safety 
corrected, give as the burnup coefficient 
of the dollar value, Bor 


tion at criticality at slightly different Some of the factors discussed so far 
temperatures, i.e., direct differential influence reactor safety. We have 

1 dBur determinations of dp/dT. seen that significant changes in thes 
Ben d (ot) If (dp/dT),., is defined as safety-related factors can take place 


= — (2.4 + 0.4) X 10-> Mwd r 489 SR ae ven for burnups as low as t 1 ,600- 
|, (de/aT) aT /(489 — 1 Mwd /ton average exposure in EBWR 


where 6°. is 0.00717 att = 0. Thus ‘ For example, the negative temperature 











at the end of the 8813-Mwd irradiation then measurements of this quantity ar oefficient was reduced by a factor of 2 
the dollar value had diminished by is follows — a ame wtiew olsete 
20%. This measured coefficient ex- do/aT is ll ae vetecltted eith turnun. ale the 
ceeds simple a priori calculations (4 r oni per nition of knnn enluhy. ax 
based on theoretical plutonium buildup Viwd r 68° F T 398° | ®A buildup of fission products and 
distributions by about 50%. ' niiineains . 
Temperature Coefficient 0 0.0084 0.0129 ® Decrease in delayed-neutron fraction 
6.987 0.0042 ® Some loss of fuel-element integrity 
Figure 2 shows that the rat 8 150 0.0075 The ik te. ie de 
reactivity loss due to samarium and sy modified depends on the individual 
burnup is different at two different The coefficient decreases from its  jseactor and the amount of burn ™_ 
temperatures. We can interpret this initial negative value by a factor of 2 However. one should not assume t} at 
temperature dependence as being du From this it is reasonable to expect th only lara snges in a quantity will 
to a temperature coefficient that temperature coefficient to reverse its nroduce significant cl aes _— = 
changes with time. The fission reson- _ sign after another 8,000 Mwd, ice., at or oxa from ti : ans ni 
ance in plutonium is responsible for this a total of 16,000 Mwd. (Actually th seanmant catillatory tendienei = 
coefficient becoming less negative as_ irradiation of this core stopped at a jing reactors. one can compute a so- 
time progresses. When a temperatur total of 8,813 Mwd.) called marvin of stabilit Phie may 
coefficient is the algebraic sum of ma 3 a he ernie | as the factor by which th 
almost canceling positive and negative Void Reactivity rer eer ide must increns Pee 
contributions, it can be rather sensitiv: Measurements of the reactivit a ies cE a et oe violent 
to conditions defining its measurement compensated by steam voids at various — gnontay - ! Nations occur ) r} 
In EBWR, temperature coefficients times during core life showed no — theory nclndon that thi ein 
are quite sensitive to temperature, — significant change directly attributabl decrea lirectlv as B loerenana 
control-rod positions and burnup. I: to burnup. At the nominal power of 
fact, widely different values for this 20 Mw/(th) steam voids represented BIBLIOGRAPHY 
coefficient can be had by specifying about 2.7 $ Small deviations from la 
various reactor conditions. However this value occurred with changes in ; nantes fst 516, N camel 
the significant set of conditions ar ontrol-rod positions (and hence eff K. A Burt lew 
those actually encountered by th tive core size as might be expected the ANS ? Pel in j 
reactor operators upon startup at There is no theoretical reason for an eine i a Ree heer “aan 4 | 
various times in core life. Rather — significant change in the void coefficient Rey 12] tember, 1958 a 
than use Fig. 2 as a quantitative with burnup was . hei cc 
measure of burnup effects on tempera- Although a change in void reactivit ine 8 . . T 
ture coefficient for these conditions, it is at most a “‘second order” effect, this "" “". — “i = : Raa mee 
is preferable to use information based _ is not necessarily the case for the void lJ 
on small changes in control-rod_posi- ind power distributions (5,6). Burnup tore, ANL.5849 (May 1950 . 
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The breeder reactor of the Enrico Fermi Atomic Power 
Plant at Lagoona Beach, Michigan, is designed to pro- 
duce 20 per cent more fuel than it consumes—creative 


nuclear fission ! 


Carlson Type 304 stainless steel plate was fabricated 
into the reactor vessel by Combustion Engineering, Inc. 
This plate must withstand the high temperatures and 
severely corrosive conditions associated with nuclear 
service. 

Carlson specialists, working exclusively with stainless 
steel, maintain the precise quality standards essential in 
meeting critical service requirements. Whether you build 
nuclear power plants, missiles, or corrosion-resistant 
process equipment, you will find at Carlson a produc- 
tion and on-time delivery service you can trust, We will 
be glad to work with you on your projects. Write, wire 

or phone for detailed information. 


ase If you would like a copy of our new 
+ booklet, ‘Producing Stainless Steels 
Exclusively,’’ please let us know. 


err Atomic Power Plant, Lagoona Beach, Michigan. 
Reactor section built, owned, and will be operated by Power Reactor 
Development Company. Conceptual design by Atomic Power Devel- 
opment Associates, Inc. Detail design and construction of reactor 
vessel by Combustion Engineering, Inc. The turbine-generating plant is 
built, owned, and will be operated by The Detroit Edison Company. 


PH O COURTESY OF POWER REACTOR DEVELOPMENT COMPANY 


Producers of, Stainless Steel 


138 Marshallton Road 
THORNDALE, PENNSYLVANIA 
District Sales Offices in Principal Cities 


Plates © Plate Products « Heads © Rings © Circles © Flanges © Forgings © Bars and Sheets (No. 1 Finish) 

















PHENOLINE COATINGS 
PROTECT VALLECITOS’ 


HOT CELLS 


>No sign of degradation after three 
years of radiation exposure 


> Easy to wash down with ordinary 
detergent 


Research conducted in the hot cells 
at Vallecitos Atomic Laboratory is 
benefiting many industries. At this 
General Electric facility near San 
Francisco, studies include experiments 
on the effects of radiation on metals, 
fuels and other materials, with a view to 
improving properties and performance. 


Four years ago, the cells were coated 
inside and out with a three coat appli- 
cation of Phenoline 305, a slick-surface, 
modified phenolic-base material highly 
resistant to impact and degradation 
from radiation. For the past three 
years, interior surfaces have been 
routinely exposed to more than 1,000 
Roentgens of radiation per hour. 


To date, no deterioration in the pro 
tective coating is evident. No repaint- 
ing has been needed. 


Surfaces are washed down by remote 
control with an ordinary floor polisher 
and household detergent. 


@ Write for detailed informationon 
Carboline’s Phenoline 305, the pro- 
tective coating for concrete and steel, 
recommended for areas where maxi- 
mum protection is demanded. 





Coatings with Nuclear Experience 


32-P Hanley Industrial Ct. 
St. Lovis 17, Mo. 2 
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| Counting Soft Betas 7his article start 


considerably decreased, sensitivity for 
C' counting is not greatly affected 
Sensitivity for tritium is, however 
since background at potentials giving 
high ounting efhiciencies 1s decreased 
very substantially. 

The single-tube scintillation counter 
is quite satisfactory for counting C™ as 
A single tube 
counter is usable for tritium also, but 


only if each sample is allowed to re- 
main in the counter for 10 min or more 
before counting to ensure good seating 
of the sample vial on the photomulti- 
plier tube and allow fluorescence in the 


vial itself to decay. Furthermore, 


very stable high-voltage supply is nec- 
essary since the counting rate for 
tritium changes ~2%/volt in a typical 
counter of this type (with ~ 1,400 volts 
applied to the tube) (24, 33, 53, 54 
Proportional counting to determine 
the activity of « omponents of mixtures 
as they are eluted from gas chroma- 
tography columns has been discussed 
by Wolfgang and Mackay (27). Such 


determinations are made with ion cham- 


bers (45, 56), but from the standpoint 
of sensitivity the proportional counter 
offers a number of advantages over 
them. At low activity levels, a larg: 
resistor must be used with the vibrating- 
reed electrometer. The resistor intro 
duces a large time constant into the 
ion-chamber circuitry, and in such 
rapid-flow applications as those of gas 
chromatography this constitutes a seri 


ous drawback. At very low levels, the 


rate-of-charge method must be used 
and this cannot be applied to systems 
in which the activity level is constantly 


changing. A method involving pass- 


ing gases, or even solutions, through 
plastic tube containing embedded ter 
phenyl and counting the scintillations 
with photomultiplier tube has re- 
cently been suggested and may wt 


prove to be of value in this field (57 
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Introspective Control System 


ination is one of the reasons why 
solid-state, modularized control sys- 

urs of power from nuclear reactors... 
lar gap between the atom and fossile 


functions—monitoring and controlling 

of power level, pressure, temperatures 

Dynamics/Electronics control systems 

isly. Should the suspicion of an irreg- 
lrop and the address of the malfunction 
In a matter of minutes, an operator 

ile and plug in a replacement. Since 
measured in hours, the extra time 


The dependability factor adds even more hours ef power a month, 
Up to now, lack of reliability in control systems resulted in costly 
periods of inactivity for system and reactor both. General 
Dynamics/Electronics control equipment slashed that down time 
with a new plateau of fail safe operation, achieved through 100% 
use of transistors and key-point use of solid-state relays. 
If you’re concerned with nuclear power—marine, portable, research, 
or commercial—and would like further information, write: 

Military Products Division 

1400 North Goodman Street 

Rochester 3, N. Y. 


Engineers and scientists interested in challenging opportunities 
are invited to send résumés to Manager, Engineering Employment. 


GIMME ID 
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Toroidal (secondary) 











FIG. 1. LIQUID METAL FORMS SECONDARY of transformer as it 
flows through toroid wrapped around center leg of transformer. 
Measurement of voltage on probe coil determines resistivity, hence 
impurity content, of liquid metal 





























FIG. 2. HOW RHOMETER WORKS: Voltages across resistors R 
and R», in series with N-turn primary, are fed through variable 
transformers T2 and T; to balance out voltage from probe coil, 
which is fed in through T;. This provides measure of resistance 
of the toroid (liquid metal and pipe in parallel) and hence of the 
resistivity of the liquid metal.  Instrun 
concentration changes of 1 ppm 


ent is sensitive to oxygen 


Electrical-Resistivity Meter 
Monitors Oxygen Content of Liquid Metals 











By L. R. BLAKE and A. R. EAMES, Dounreay Experimental Reactor Estab 
United Kingdom Atomic Energy Aut! ty, T) Caithness, Scotland 
The electrical resistivity of liqui transf Until the } t time ¢ pa — Se 
metals such as sodium and Nak in- gen concentration has been measu! 
creases as the impurity concentratior | het sis or by a plugging | ‘ 
goes up. We have used this fact t meter that determines the temperatur: Cz 
develop a continuous-reading impurit it which « e precipitates and plugs —* 
meter (rhometer) that is sensitive to a perforated plate (1). The oxygen ley e, r 
change in oxygen impurity of 1 part per is then found from a solubility curv — * 4 
million. \lthough recent improvements in the <> RIFR+R, 
When liquid metals are used gging meter enable readings to be ‘! M ; 
reactor coolants the oxygen level must made at frequent intervals, both meth- y l — 
be kept as smallas possible. Otherwise ods are essentially discontinuous and 
this contaminant will not only increas: lepend on oxide precipitation in smal 
corrosion and wear rate, but will als passages he rhometer, on the other J 
cause pipe blockage and degrade heat nly on resistivity of the FIG. 3. EQUIVALENT CIRCUIT OF rhometer 
66 May, 1961 - NUCLEONICS 
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CONNECTIONS it 


Only Swagelok has such a complete vari- 
ety of Bulkhead Tube Fittings. Standard 


Swagelok Bulkhead Tube Fittings include: ‘i ii i 
Bulkhead Unions it 


Bulkhead Adapters 

Bulkhead Male Connectors 
Bulkhead Swagelok to AN Unions 
Bulkhead Female Connectors 
Bulkhead Reducing Unions 








Swagelok Bulkhead Fittings are available 
in sizes for 1/16" through 1” O.D. tubing 
and can make leak tight connections on 
a wide variety of tubing materials such 
as stainless steel, monel, Nylon, Teflon 
glass, copper, steel, etc 


Swagelok Bulkhead Fittings, like all iN 


Swagelok Tube Fittings, are available in sey 
any machineable metal or plastic to meet 








your particular requirements. 


Remember, whether you require fittings 
for the simplest application or the 
most demanding, whether it is 


unusual tubing material, unu- ‘ Rak 
sual fitting material or unusual We 4 
fitting types, Swagelok Tube re 
NH 
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Fittings solve your problem. | 
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TUBE FITTINGS SOLVE YOUR 


CRAWFORD FITTING COMPANY + 884 EAST 140th STREET - CLEVELAND 10, OHIO: 
CRAWFORD FITTINGS (CANADA) LTD., NIAGARA FALLS, ONTARIO, ‘gph » 
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MULTIPLE-CONDUCTOR 
T/C EXTENSION CABLE 


Available with from 4 to 48 pairs of 
solid-conductor temperature-compen- 
sated wires. Each wire is numbered, 
individual conductors are twisted 
into pairs, each pair is color- 
coded by wire type. No conduit 
needed. Supplied in custom and stand- 
ard constructions. From this one 
dependable source come thousands 
of other accesso- gegm=eseerns 

ries to help your 
instruments per- 
form at their 
very best. 


J 





— 


Get details from 
your Honeywell 
field engineer, or 
write today for 
Catalog G100-2. 


MINNEAPOLIS-HONEYWELL, Wayne and 
Windrim Avenues, Philadelphia 44, Pa. 
In Canada, Honeywell Controls, Ltd., 
Toronto 17, Ontario. 




















Honeywell 
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Resistivity Meter 


coolant Although oxygen is the pri- 


mary contaminant, our device detects 


any impurity, including hydrogen and 
and also gives a pulse-shaped 
} 


Signal wnen gas 18 


carbon 
entrained in the 
liquid-metal stream. 

Rhometers have been installed in 
primary and secondary circuits in the 
Fast Despite th 


low system temperature (only 150° C 


Dounreay Reactor. 


and consequently the small oxygen 


solubility (~ 8 ppm), the meters show 
that cleanup brings the oxygen level 
below the saturation level 


Operation 


A 1-ppm increase in oxygen content 
increases resistivity in liquid metals by 
about | part in 104; thus we want our 
rhometer to measure resistiv ity changes 
as that. Accurate 
ments are difficult to make, however 
they 


as small measure- 


because must be done remotely 


which increases the chances for spurious 
signals, and because a mere 0.04° (¢ 

iriation in the metal also 
l-part-in-10' 


Therefore our main prob- 


temperature \ 
produced change in 
resistivity. 
lem in making accurate measurements 
is to compensate for temperature 
other 


ess than | part in 10‘ (2). 


changes and reduce spurious 


signals to 


* Tr the rhometer 
circulate through a toroidal 
load of a transf« 


liquid metal 


pipe Ww 


forms the secondary 





having a double-loop magnetic core and a 
primary coil of N turns If 


negligible, the 


the magnetizing 
made primary 
und secondary current J, in the 


related by Jp = I5/N The 


the current J 


current J 
toroid are 


require d to drive 


This article starts on page 66 


In the rhometer, liquid metal circu- 
lates through a toroidal pipe that forms 
the secondary load of a double-loop, 
magnetic-core transformer with a pri- 
mary coil of N turns (Figs. 1, 2 and 3). 
The voltag required to drive the cur- 
toroid is measured by an 
unloaded probe coil of n turns. When 
into the 


rent in the 
impurities are introduced 
liquid-metal toroid, the resistance (and 
resistivity) changes; the voltage through 
for a fixed current in the 
Ap- 
propriate balancing measurements (for 


footnote *) 


the probe cou 
toroid changes correspondingly 
derivation and detail see 


vield a measure of resistivity change 
unaffected by other variables 
The resistance 


R in series with the 


primary is made of two components 
R,, a high-temperature-coeftficient com- 
ponent mtact with 


| thermal e¢ 
the inlet pipe to the toroid, and R,, 


In Clos 
a zero-temperature-coefficient compo- 
nent. By tapping off an appropriate 
part ol the full 
these 


voltage from each ol 


one gets two 
balances both the 
absolute resistance of the toroid and its 


The temper- 


two ymponents, 


id determines 


y 
{ 


temperature coemeient 


ature-coefficient balance can be made 


from two balances at different liquid- 


metal temperatures, or ideally with a 
slowly oscillating liquid temperature 
the toroid, 1 ieasured by means of an 
unloaded probe cou ot n turns its 
ritage } V ot rhe resistance of the 
rid sodium and pipe in parallel is 

R V,/1 V/nN I, If a resistance R 
onnec 1 in series with the primary coil, 
ick that 4 balance J = RI then 


R, t/nn Adjustment of R or vn can 








Advantages of Rhometer 


® The instrument described in the accompanying article has stability between 
1 part in 10‘ and 1 part in 10° without stabilizing voltage or frequency supply 
® it is simply, rugged and reliable; monitoring sodium pipe has !9—1'9-in. bore 


and normal wall thickness. 


| induced directly in the liquid metal 


impedance is ~ 100 ohms). 
diameter wire 

® Meter input-power is ~ 
® Temperature-coefficient 
R=R,+R 





50 watts 





® Balance controls can be placed any distance from the toroid 
® No electrical connections are needed to the liquid-metal 


® There are no wetting problems between the liquid metal and the pipe wall 
® Output signal can drive any normal recorder without additional amplification 
In Fig. 1 V is 5-10 volts and V;, is 50-100 mv for 1 % 
® To keep the thermal time constant small, R,; can be made of thin strip or small 


balance is 
can be made to within 0.4 


pipe; current is 


unbalance. Meter-source 


accurate: the temperature coefficient 


of that of the toroid. 





—— 
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no by KAISER ENGINEERS 
answers basic plant expansion questions... 



































ee hall w 
Profita b § I ity ? Faced with the decision to expand your plant tacilities, you 


should first determine whether all elements combine to form a pattern of future profitability. 
Independent analysis of all aspects of your proposed program is the Pre-Engineering service offered 
by Kaiser Engineers. The studies and evaluations furnished by KE Pre-Engineering represent only 
one phase of total KE services. Kaiser Engineers designs and builds all types of power plants— 
steam-electric, gas turbine, combined cycle, nuclear and hydro-electric. From Pre-Engineering 
through design and construction, Kaiser Engineers provides complete one-company service and 


ingenuity based on years of experience. 


=. 
Kassen > 
ENGINEERS ~ =) engineers -contractors 


Contracting since 1914 
Oakland 12, Calif. — Chicago, New York, Pittsburgh, Washington, D.C. 


Accra, Buenos Aires, Montreal, New Delhi, R je Janeiro, Sydney, Vancouver, Zurich «229-P 












Resistivity Meter This article starts on pa /¢ 66 


1-5° C at about 1l-min period). with the wanted in-phase component gy 
In practice, we change the tapping of the balance current This feature 
positions on voltage transformersacross _ is as important as the main purpose of 
n, R, and Raz, thereby effectively the phase sensitive detector, which is to ae 
adjusting n for resistivity balance and convert the a-c signal to d-c, while keep- 
R, and R, together for temperature- ing phase information so that one can 
coefficient balance. tell from the recorder trace whether 
This balancing scheme has two there is an increas or a decrease of 
NOW. ee advantages: first, errors from cable resistivity and impurity from the 
INSTANT resistances are kept small so that the balance condition. 
balance controls can be placed far from , 
FLUORS: the toroidal pipe; second, the voltage Experimental Results 
s across R» can be subtracted from that Tests on the meter show that we 
of R,, and the effective temperature achieved the desired stability of 1 part 
coefficient of (R; + R») can be greater in 10 and temperature-coefficient 
* than that of R,; alone. This is ex- balance to within 0.4%; in fact we got a 
LIQUIFLUOR tremely iseful since the most con- short-term stability of nearly | part 
venient resistance material for R,; is in 10 \Moreover, we found that the 
(PPO-POPOP CONCENTRATE) platinum, which has a smaller tempera- _ resistivity variation with oxygen con- 
ture coefficient (21 K 10~' per “ tent below the saturation level was 
WILL SAVE than does sodium (26 X710~' per somewhat higher than expected. With 
YOU HOURS C at 200°C). ‘sie NaK. the expresion for ress 
Transformer 7; is tapped on its tivity was found to be p 17.5 (1 4 
OF MIXING primary sid It can therefore be 0.00134 + 0.0001 W) [p resistivity 
TIME ! sealed directly in terms of resistance or microhm-in A T — 200 r 
¥ resistivity; alternatively the secondary temperature of liquid metal in °C) and 
New LIQUIFLUOR* is an ex- ean be tapped and scaled in terms of i oxygen content (ppm)]. Thus, 
clusive development of Pilot conductance or conductivity. the rhometer has proved capable of 
ee eee The variable mutual inductor M continuously monitoring oxygen con- 
POPOP in specially purified eliminates a large unwanted quadrature tent and of detecting changes in oxygen i. 
toluene which will save you component in the output signal caused level of the order of 1 ppm 
hours of mixing time in the by circuit inductance (such as leakage Figure 4 shows the resistivity and 
laboratory ...and greatly re- its 
duce the chance for error. reactance between the toroid and the oxygen changes following a change of 
No more time-consuming |a- probe coil) and transformer magnetiz- cold-trap temperature. It will be seen se 
boratory weighing and stirring. ing reactance. This balance is don that increase of cold-trap temperature 
ha cag ower Pon phany essentially once for all time since the from 120° C to 264° C increased the 
pour LIQUIFLUOR®* into the phase-sensitive detector makes accu- resistivity by 0.38%; the resistivity 
solvent. ® rate quadrature balance unnecessary dropped back again after the cold-trap 
provided its supply voltage is in phas« temperature had been lowered to 70° ¢ 


Independent laboratory tests 
show counting efficiencies 1 ee 
identical with old ‘weigh and 

stir’ method. 


ADVANTAGES: 

. Saves time — just mix — no waiting. 

. Less chance for error in compounding. 

. Flexible — can be used with any liquid 
scintillator system containing toluene. 

. Contents: a 25x concentrate. 1 liter 
contains 100 grams PPO and 1.25 grams 
POPOP in specially purified toluene. 

. Available in 1 liter and 500 milliliter 
bottles. 


FOR COMPLETE INFORMATION, 

WRITE TODAY TO Dept. 591-N 

(A —— on your letter-head will bring 
you a free sample.) 
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FIG. 4. RESISTIVITY CHANGES reflect change of cold-trap temperature elsewhere in 
4-in. circuit of 2474 NaK. At (a) cold trap is at 120° C, 10 parts in 10° oxygen in NaK by pH 
' chemical analysis. (b) Cold-trap temperature rising. (c) Cold-trap temperature held 
CHEMICALS, INC. at 264° C. Resistivity rises as NaK becomes contaminated with oxygen. (d) Cold trap 
36 PLEASANT ST.. WATERTOWN 72, MASS. valved off after resistivity had stopped increasing. (e) Cold trap reinserted and kept 
at70°C. Resistivity falls with reduction of oxgen level, eventually, off chart, to 0.09% 
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Taper angie of seal-ring 
lis 1S shently less than 
t of mating hubs. Tight 


ing seal by spring action 


clamp causes seal 
lips to detiect. form 








GRAYLOC® Pipe Connections can be assembled 
in less than 1/3 the time required for a comparable 
flanged assembly — yet GRAYLOC Connections pro- 
vide as much as twice the maximum pressure rating. 


An all steel assembly, GRAYLOC incorporates 
a pressure aided seal that can be quickly and easily 
disconnected — the seal ring is completely re-usable. 
GRAYLOC connections are smaller in size and lighter 
in weight than any other comparably rated connection. 


GRAYLOC Connections are manufactured in 
standard stock sizes from 1” to 30”, with special sizes 
available on request. Highly corrosion resistant metals 
are available on short notice. 


GRAYLOC Pipe Connections can save you assem- 
bly and maintenance time, space and money. Write 
today for specific engineering information and your 
copy of the new GRAYLOC catalog. 


GRAYLOC SALES DIVISION 


GEDD Fel Compay 


6111 P. O. BOX 2291 * HOUSTON 1, TEXAS « Riverside 7-1240 
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Resistivity Meter This article starts on page 66 





Rhometer trace tags oxide particles, gas bubbles, gas entrainment 
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2 min E- 
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FIG. 5a. SMALL PULSES reflect oxide par- 
ticles in liquid metal 


Inspection of actual recorder chart 
shows the high meter stability. 

Figure 5a shows a typical recorder 
chart under conditions where the 
oxygen content is above the saturation 
level so that oxide particles are present 
these can be clearly seen as small pulses 
on the chart, of pulse length corre- 
sponding to the time required for a 
particle to pass through the meter. 
Although no experiment has yet been 
made to determine the sensitivity 
achievable, it is thought that the char- 
acteristic differences between the re- 
corder chart below and above the 
saturation level should enable the 
rhometer to act as a precipitation meter. 
As in the plugging meter, this could 
be done by lowering the liquid-metal 
inlet temperature to the rhometer until 
the pulses appear and indicate that 
the saturation-temperature has been 
reached. 

Figures 5b and 5c show the rhometer 
trace with gas bubbles in the liquid 
metal. From the pulse height can be 
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FIG. 5b. LARGE PULSES are caused by 
gas bubbles passing through toroid 


determined the size of the bubble (a 1% 
pulse height indicating a bubble of 
volume equal to 1% of the liquid metal 
in the toroid), while the width of the 
pulse corre sponds to the time taken for 
the bubble to pass through the toroidal 
pipe. Clearly bubbles are readily 
identified by the large resistivity 
changes they produce. Temperature 
+0.01% is 


achieved over the range 270°—305° C 


compensation to within 


femaining variation is due to second- 
order terms in the temperature 
resistivity curves of the platinum 
compensating resistor, the stainless- 
steel toroidal pipe and the contained 
Nak, chiefly the latter. It is likely 
that the more linear characteristic of 
pure sodium would further improve the 
compensated characteristic. 

The rhometer has proved extremely 
valuable in locating the origin of gas 
entrainment, and has detected gas 
bubbles in rigs where its presence 
has previously been unsuspected 


It is possi bi that gas entrainment 
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FIG. 5c. MANY PULSES reflect substantial 
gas entrainment 


has been the cause of anomalous heat- 


transter results in liquid-metal rigs in 


the past. 

Secause of the value of the rhometet 
in detecting oxide particles and gas 
bubbles, it nportant to be ¢ ireful in 
the method of tapping off the by-pass 


pipe to the rhometer from the main 


liquid metal circuit. This is best done 


Irom a vertical Main pipe as indicated 
in Fig. 1. It is also desirable to mount 
the toroidal ertically, as shown 
to prevent gas or oxide particles being 
trapped in the toroid 
* * * 

The authors are lebted to the Development 

and Engineering Group Headquarters of th 


United Kingdom Atomic Energy Authority 


for permissio > Dp sh this pape ind to 
the Windscale Works of the Authority who 
BIBLIOGRAPHY 

R. B. Hinz it f oxygen con ation 

n large sodium system, NAA-SR-3638 (1959 

I R. Blake Resist ty nite at 
gen content f div J Institut ri 
Electrical I ne to be published, 1960 


May, 1961 - NUCLEONICS 


~ 
—s 


a 










Now Proved 
a Fully Reliable, 
‘ —= BJ Mechanically 
yr fT) Sealed Nuclear 
Pumps... 
| ; Save up to 50%! 
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Another first for BJ Nuclear Pumps! The first mechanically- 


* 


sealed pumps for primary coolant service of a central 
station power reactor are now being built by Byron Jackson 
for Consumers Power Company’s new high-density 

nuclear power station at Big Rock Point, Michigan. 


Performance-proved for all nuclear service, BJ 
Mechanically-Sealed Pumps are the most economical 
ww means of combining full reliability with maximum economy. 


a 






9 By using a standard electric motor or any standard 
driver, electrical and overall efficiency is increased and 
initial cost of the pump can be reduced by as much 

as 50% ! For complete information on BJ Mechanical Seal 
Pumps —as well as liquid metal and liner-motor types— 










call or write today! 





This BJ Pump was designed for reactor 
coolant at 7150 gpm on the APPR-1A 
portable reactor program. 







BYRON JACKSON PUMPS, INC. 


SUBSIDIARY OF BORG-WARNER CORPORATION 
P.O. Box 2017A, Terminal Annex, Los Angeles 54, California 
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ELECTROSTATIC PRECIPITATION MONITOR collects daughters of fission-prod ct gases on 
wire, runs wire past scintillation detector to detect fuel failures 
By AX LAPSLEY, * Savannah Rive Lahorat a 
/ / P ni de Vemours and ¢ | ; \ / ( ) 
() t t ietor 
P ; t ru oft g cs ! | | 
Steady and silent. That’s the tl B ‘ B 
new Stokes Series H Microvac fie precipitatol Rage 
pump. Unique dynamic bal- the daughters produced di S| p g 
ancing provides hushed opera- fission-product gases and count tl Three of 
tion. And the compact Stokes iv of t laughters. Such a sys the H ( t 
pump saves up to 50% in t has ¢ jor advantages. | Boantar at. 6 
valuable floor space. ntrast to liquid monitors, plagued | re being 
Find out all the reasons why 1 background from many neutr 
ss itivation products, the gas-precipita 
you get more pumping per BAS] ies ti Vitals 
formance per dollar with Stokes tior tor has only the background 
Microvac pumps. Just write: from Ar ontrast to other ga In our monitor a g 
Vacuum Equipment Division, oe the precipitation schen a throus! 
| PRE 4 M0) @ 21-9 010) :320) 2 WU 0) Bs hee bees tee hel hackewan 
5500 TABOR RD., PHILA. 20, PA. PE age ae ee ee +] 
In the belief that the method has gu Any g t that 
Baek. @ a ich tot mend it, we have built undergo t be 
ad ¢ ted a precipitator monitor { harg t ig t 
fort has been satisfactor tron a ttracted to t 
. S ind reliable t y t 
u 
Sato ponents I ised, few maintenance 
+ = Our experience sl t t 
that sensitivit to fission product the wir t elded detector 
equals or surpasses those of monito! itside ft I vy 
S) FNS BI 0) BY. é ile ) they ae 
for your free ¢ Preser Appress: Dept of Nuclear , , P l 
Vacuum Slide Calculator. Engineering ty of Virginia, Ch ‘ : aa 7 Make! ee 
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RIDL 


These two analyzers have earned their reputation as the most 
versatile analyzers in the field. As you read this the 150th RIDL 
transistorized Pulse Height Analyzer is being purchased. The 34-8 
and 34-12 have been in production a long time. These are the 
best tested, most complete, most versatile transistorized analyzers 
of them all. For simple illustration of this consider the choice of 
read-in and read-out described below: 


CHOICE OF READOUTS: Parallel or serial entry read-out devices, 
magnetic tape, punched paper tape, electric typewriter, point 
plotter, printers and strip-chart recorders . . . may all be linked 
with any of the RIDL line of transistorized pulse height analyzers. 


CHOICE OF INPUTS: RIDL transistorized analyzers may be used 
with either transistorized or vacuum tube amplifiers such as the 
Aél, A8, DD2, AID, etc. Two input systems may be fed into 
an RIDL analyzer and used alternately at the flip of a switch. In 
addition, RIDL transistorized analyzers have new capability when 
used with the all solid state Model 30-17 Four Channel Mixer 
Amplifier: 
Four Detector Input is easy, using the Model 30-17 Four 
Channel Mixer Amplifier for simultaneous operation with 
RIDL transistorized analyzers. The Model 30-17 provides the 
logic and electronics to operate 4 detectors simultaneously. 






— 
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Model 34-8 200-Channel Analyzer 
Model 34-12 400-Channel Analyzer 


Each detector stores into a separate quadrant of the analyzer 
memory. 


Coincidence Sum Pulse Input is also easy, using the Model 
30-17 alternate connectors. This is accomplished by storing 
the pulses from each separate detector into a quadrant of 
the analyzer memory. The sum of the coincidence pulses are 
stored in a third quadrant. 


Many current designs for mutliple detector operation with a PHA 
make no provision for examination of coincidence between de- 
tectors. Also, amplitude information is distorted when pulses 
arrive simultaneously or when subsequent pulses change routing 
information during digitizing time in the analog-to-digital con- 
verter. With the RIDL Model 30-17 these can’t happen. Cross talk 
is eliminated. All conditions for proper operation without cross 
talk are provided by this system. 





RIDL Model 30-17 

Four Channel Mixer 

Amplifier with Co- . é . 

incidence and Logic ie , 

Circuits [ aa 7 * ws 6 ie i 


— 








Keandbeultcun Sodimedt Development Laboratory, Sie 


61 EAST NORTH AVENUE @ NORTHLAKE, ILLINOIS 
PHONE: MUrray 1-2323 @ Cable Address: RADILAB 
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A COMPLETE 
Start-to-Fi 


NEWBROOK is an experienced organization 
with research, development and production facil- 
ities and capabilities to render a Start-to-Finish 
service. 


We have a small, efficient plant, completely inte- 
grated with machines, men and “know-how.” 
Our engineering and technical specialists have 
an extensive background in mechanical, electrical 
and hydraulic design and production. Our welders 
are certified and skilled in the welding of all 
the special metals used in atomic and missile 
components. 


Newbrook offers you quality, reliability and deliv- 
ery “on time.” Let us quote on your requirements. 





MACHINE CORPORATION 


SILVER CREEK e NEW YORK 








NEWBROOK is now 
producing nuclear hard 
ware components, 
Sure vessels 
equipment and 
atomic products 


pres 
vVacuun 
other 


Our customers include 
and atomic 
contractors working 
A.E.C. projects 


nuclear 


on 


NEWBROOK is wel! 
known for its part in the 
production of Turbines 
Launchers, Hydraulic 
Pumps, Shields, Starters 
Detector Rod Mechan 
isms for Atomic Piles 
Sub-Assemblies for Nu 
clear 


Reactors, Testing 


Devices, Vacuum and 
Pressure Furnaces 


and many more 


Precipitator Monitor 


This article starts on page 74 


Gas circulation. Helium blanket 
gas moving at 100 em*/min enters and 
leaves through small headers designed 
to improve the uniformity of flow. 
Ends of the precipitator are closed with 
the 
gas and provide electrical insulation. 


Plexiglas to contain radioactive 
Around the wire are gas seals, neoprene 
The 0.0055- 


in.-diameter stainless-steel wire moves 


washers with tiny holes. 


at 2in./min. It is used only once and 
then stored on the rewind reel. 
Detection. Five inches beyond the 
precipitator Is 
detector 0.5 mm thick and 
attached to 


Thinness of 


a stilbene-crystal beta 
1.5 in. in 
a 6655 photo- 
the 
a minimum its sensitivity 


diameter 
multiplier. crystal 
re duces to 


to external gamma radiation. 


Performance Tests 
The 


formed satisfactorily during a six-month 


precipitator monitor has per- 


evaluation. Separate tests permit us 
to 
rupture sensitivity and contributions 


evaluate background sensitivity, 
of different nuclides to the response. 
Background. 


external gamma background was de- 


The contribution from 


termined by reversing polarity of the 
to collect 
fission-product daughters on the shell 
rather than the wire. At the time of 
this test Ar*! background was about the 
same as krypton and xenon counting 


precipitator voltage so as 


rates. teversal of voltage reduced the 
signal by a factor of 75, indicating that 
13% of the to 
activity not on the wire. 

Rupture. During the rupture of a 
uranium-oxlad¢ 


only signal was du 


fuel element, the count- 
ing rate increased by a factor of 160. 
since the corresponding increase for 
gross blanket activity was by a factor 
of 6, the 
rupture-detection 


precipitator technique in- 

creased sensitivity 

by a factor of over 25. 
Nuclide identification. 


the wire to measure the decay 


By stopping 
of the 
precipitated activity, and by stopping 
the gas flow to measure the decay of 
the precursor activity we could iden- 
The pre- 
Kr** 


tify parents and daughters. 


cursors were identified as ind 
Kr*® and the precipitants as Rb** and 
Rb*’. No that 


attributed to xenon was found. 


activity could be 


* * * 

The autho s indebted to M. H Croosey of 
the Savannah River Laboratory, who supplied 
the discriminator and counting-rate circuu 

The informatior this article was devel- 
oped unde ontract AT (07-2)-1 withthe U.S 
1k ¢ 
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, Ohio 


re 


11,400 KW Organic Moderated Reactor plant for the City of Piqua 
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The Peaceful Atom 
Answering the challenge To meet increased living standards everywhere, the world’s power 
eo resources must be doubled in the 1960's. In this great expansion the 
. — Peaceful Atom will play an ever-increasing role. Atomics International, 
of the Sixties: to a leader in developing nuclear power for over 15 years, is already build- 
ing two of the world’s most advanced power stations under AEC pro- 
double the world’s grams: the Organic Reactor plant at Piqua, Ohio and the Sodium 
Reactor plant at Hallam, Nebraska. Another promising concept is the 
: Advanced Epitherma! Thorium Reactor project, now being developed 
pow er output by Al for i Southwest Atomic Energy a aoe a cael aaa 
owned utilities. Al's experience and facilities will play a growing part 


in ten years in meeting the power challenge of the Sixties. 


ATOMICS INTERNATIONAL 
Division of North American Aviation (6 ae 


Sr ee 


Canoga Park, California, U.S.A. Cable Address: atomics. Other offices: Washington, D.C., U.S.A.; 


Pioneers in the creative use of the atom 


Affiliated with: iIntTERATOM, Bensberg/ Cologne, Federal Republic of Germany and pynatom, Paris, France 
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OMERE to Eliminate Corrosion-Product Clogging 


Atomics International scientists are 
confident that they can completely 
eliminate coolant-channel 
from deposition of film on fuel-element 
surfaces that has cropped up in OMRE 
(NU Wk, July 28 ’60). Their plans 
include precautions during mainte- 
nance and refueling operations to 
minimize contamination of the organic 
coolant with oxygen and moisture. A 
continuous filtering system will be in- 
stalled to remove any corrosion parti- 
cles formed before they can deposit on 
the fuel surfaces. 

The offending particles seem to be 
predominately iron percarbide (FesC) 
and sometimes oxide (Fe sO.) 
coated with polymerized organic mate- 
rial. The inorganic nucleii result from 
corrosion of OMRE’s carbon-steel pri- 
The presence of these 


clogging 


iron 


mary system. 
iron compounds is not unexpected, nor 
is their very large preference for de- 
positing on OMRE’sstainless-steel-clad 
fuel—the concentration of iron in the 
organic coolant is measured in parts 
per million while the fuel-surface de- 
posits contain 20% iron. This phe- 
nomena has also been observed in 
water reactors whenever purity control 
has not been maintained. 

As far as AI can piece it together 
this is what happens: apparently the 
iron compounds act as catalysts for 
polymerization of the organic coolant 
at their surfaces. Hence these parti- 
cles serve as nucleii around which high- 
boiling organic 
With the passage of the coolant through 
the coolant channels a large number of 
these particles impinge on the fuel sur- 
faces. A small fraction are delayed 
there because of highly localized elec- 
trostatic forces or radiation-induced 
chemical reactions. These 
may then stick permanently to the fuel 
plates and thus build up deposits in the 
channels. 

AI believes the prime source of the 
problem is the exposure of the coolant 
to oxygen and moisture when the vesse! 
is opened for refueling or maintenance. 
In between these occasions the coolant 
is kept relatively free of inorgani: 
particulate matter by the distillation 
bypass that operates continuously to 
remove high-boiling compounds from 
the OMRE coolant. AI points out 


78 


compounds deposit 


particles 


that in a prototype power reactor an 
inert atmosphere or refueling unde 
liquid would eliminate contamination 
during open-vessel operations. More- 


over in the same core under the condi- 


tions when clogging occurred in 
OMRE’s stainless-steel elements, ex- 


clad 


of the ty pe being considered for Piqua 


perimental aluminum elements 


and future reactors) showed no signs of 


be due to the 
Al ele- 


ments which makes it more difficult for 


rhis 
much lower enrichment of the 


deposits may 


the beta electrons to es« ape. 
l'o study the best to filter out 
products that do get 


way 
those corrosion 
\l is building a special bypass 
In this loop 


formed 
loop integral to OMRE 
it will test the relative effectiveness of 


a number of different kinds of filters 








DIVER tightening nut retainer on top part of lower tubesheet flange 


When the vessel of the underwater 
Gas-Cooled Reactor Experiment. in 
Idaho needed repairs recently, Aerojet- 
General Nucleonics called in profes- 
sional divers rather than use long- 
handled tools to make the repairs fron 
the pool surface The two lines that 
transmit water to cool the 3-in.-thicl 
tubesheets (they support the cor 
within the vessel) had broken and 
needed to be fixed. The divers also 
tightened the l-in. studs on the vessel's 
tubesheet flanges, which had worked 
loose under thermal cycling. Nut r 


studs to ease future 


s tightened the 
installed the nut retainers b IsIng 
indles. One dives 
barrier to work 
lor 64 set 
en coolant ling 


112 hr to 


¢tor to fi i rok 
Over-all, it took the divers 


bode were 


make the repair Theu 


~400 and 600 mr, 


exposed to onl 


vhile their hands received 50% more. 


May, 1961 - NUCLEONICS 


DRESDEN 


INDIAN POINT 


m4 


ll 


and now.. WaaLe Lua 


AALL. - CUI 


fueled with MALLINCKRODT URANIUM 


Like the first three large commercial reactors using oxide fuels, 

Pathfinder will use Mallinckrodt UO>. 

Mallinckrodt supplied uranium for the Pathfinder critical facility . . . 

and will now furnish 46,480 stack lengths of UO, (2.2% and 3.2% enriched). 
Over 40,000 of these are required for the original core loading. 

This 62,000 EKW plant is being built by Allis-Chalmers Manufacturing Company 
at Sioux Falls, South Dakota, for Northern States Power Company. 





Mallinckrodt continues to set the pace of progress in nuclear fuels... 
with the most advanced research and production facilities of the industry. 
For consultation on nuclear fuel problems, write or call Mallinckrodt. 


NUCLEAR DIVISION +- ST.LOUIS 7, MO. 


THE WORLD'S FIRST AND LEADING PRODUCER OF NUCLEAR FUELS 
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Graphite-Matrix Fuel Bodies 


By T. M. BENZIGER and R. K. ROHWER, University of ( ‘alifornia, Los Alamos Scie ntific Laboratory, Los Alamos, New Mexico 


Graphite as a matrix material offers 
many desirable nuclear and refractory 
properties. Its moderating ability cou- 
pled with excellent thermal-shock re- 
sistance and significant strength to 
2,500° C make it unique among high- 
temperature materials (7). Since 
graphite can be destroyed by combus- 
tion and removed as a gas, fuel repro- 
cessing can be simplified (2, 3) and the 
production of large volumes of radio- 
active liquid waste avoided. And now, 
with a screw-extrusion process devel- 
oped at LASL, graphite-matrix fuel of 
complex shapes can be fabricated. 

Major interest in graphite-based ele- 
ments is for advanced high-tempera- 
ture gas-cooled-reactor concepts. Of 
course a corollary of this high-tempera- 
ture operation is the major problem of 
retaining the volatile fission products 
Aside from Turret (2), an active-cir- 
cuit design in which fission products 
are allowed to diffuse into the coolant, 
currently planned reactors 
General Atomic’s High-Temperature 
Gas-Cooled Reactor (4), Dragon (5) 
and the several pebble-bed proposals 
(6, 7) envisage the use of impermeable- 
graphite sheaths, pyrolytic carbon or 
ceramic coatings to control this prob- 
lem. While irradiation tests on these 
fuel 
their potential high burnup has yet to 
be confirmed. 


such as 


bodies have been encouraging, 


A number of have 
worked on graphite fuels, among them 
Atomics International (8), Battelle 
Memorial Institute (9), General Atomic 
10), Los Alamos Scientific Laboratory 
(11, 12) Oak Ridge National 
Laboratory (13). 


organizations 


and 


Fuel Elements 


Most contemporary designs call for 
elements in simple 
tubular form in part 
intricate shapes are not readily fabri- 
cated by But 
complex shapes are now attainable by 
screw extrusion as Fig. 1 shows. The 
profile need only be biaxially symmetric 


graphite-matrix 
because more 


conventional means. 


in cross section and the wall thickness 
relatively uniform. Dimensional uni- 
formity is excellent; the product does 
not normally require machining. Total 
ovality tolerances of less than 0.5%, 
comparable with commercial fuel-ele- 
ment tubing, can be met. It is possible 
to extrude and process precision cores 
in many shapes ready for immediate 
insertion in metal cladding. 
Laminated structures can be fabri- 
cated (Fig. 1) that 
zones that can contain fertile or fissile 


allow concentric 
materials at various values of loading. 
Many obvious possibilities exist in ap- 
plying extruded elements to radioac- 
tive-circuit concepts where their heat- 
transfer characteristics and temperature 


capabilities would allow very high 


specific power ratings. 
Production Methods 


Most of the procedures for preparing 
graphite used-in laboratory investiga- 
tions are adapted from industrial proc- 
esses (14). The essential steps are: 


1. Preparing a ‘‘green’’ mix from 
carbonaceous fillers (such as petroleum 
cokes, carbon blacks and graphite par- 
ticles) and a binder (such as a coal-tar 
Bind- 


a large carbon residue 


pitch or a thermosetting resin). 
ers must leave 
when decomposed by heating 

2. Forming the green mix into the 
desired shape 

3. Conversion to a hard-baked car- 
bon by heating it slowly to at least 
750° C. 

4. Sometimes impregnating 
baked article 
rebaking before graphitization. 

5. Conversion into a synthetic graph- 


the 
with molten pitch and 


ite by heating to over 2,200° C. 

Fuel is incorporated usually as UOz, 
when the materials. 
During graphitization of the baked 
stock, the dioxide converts to dicarbide 


blending raw 


as the temperature rises above about 
1 ,300° C [UO, 4 
UC, + 2CO} 

tion-impregnation of a finished shape 
With this technique 


the salt must be decomposed by careful 


iC (matrix carbon) — 
Another method is solu- 


with uranyl salts. 

















FIG. 1. 


sections at top have outside diameters up to 1°4 in. 
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GRAPHITE SHAPES obtained by screw extrusion. 


Cross 
Laminated 


assembly at bottom has 
shapes more readily than do conventional methods 


i4-in. o. d. Extrusion produces complex 
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Start here for economical, 
room-temperature counting 
of C'* and H3 

Model 701 


aler 


Add cooling for increased 
efficiency and precision 


manual, temperature controlled operation, 
n, shown with 8250 scaler and 8600 timer 


2. 3. 


Incorporate automatic sample 
changing as work load grows 
Model 702 Model 703 
automatic, temperature controlled operation, 
shown with two 8250 scalers, 8600 timer, 
and 8401 digital recorder 


New trom Nuclear-Chicago...a family of 
liquid scintillation counting systems 


Model 701 is the low-priced basic system for 
vorkers interested mainly in counting limited num- 
bers of samples. Carbon-14 is counted with high 
efficiency and tritium with somewhat reduced 
efficiency. Model 701 includes components com- 
mon to all three systems: uniquely sensitive optical 
cell and dual-detector assembly, high-speed two- 
channel pulse-height analyzer, ultra-fast coinci- 
dence circuit, and stabilized high-voltage supply. 
Output signals from this solid-state circuitry are 
shaped pulses which can feed any standard scal- 
ing instrument. From this point, your research 
needs and budget will guide your choice of op- 


tions, now and in the future. 


In Model 702, the dual-detector assembly is 
mounted in a custom-built, precision-controlled, 
low-temperature chamber permitting highest 

sunting efficiency for carbon-14 and tritium. Field 
conversion to fully automatic operation requires 
only addition of the sample changer mechanism. 
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Model 703’s simple and foolproof sample 
changer, its sophisticated options of data presen- 
tation, and its versatile modes of automatic oper- 
ation suggest it as the system of choice for labo- 
ratories counting many samples. 


One of the three new models in this first family 
of liquid scintillation counting systems is suited to 
your present research needs and to your expand- 
ing programs of investigation. 


Prices for these integrated, compact and func- 
tionally elegant systems range from $5,000 through 
$15,000. Please write for full information. 





nuclear-chicago 


CORPORATION 


*» 














DES PLAINES, ILLINOIS 
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Graphite-Matrix Fuel Bodies 


heating to a temperature that wil! pro- 
duce a stable fuel. 


Fabrication 


Compression molding, ram extrusion 
and hot-pressing, processes common in 
the ceramic and powder-metallurgy 
industries, are normally used to pre- 
pare graphite-base elements. A _ pro- 
duction method employing a standard 
plastics-type screw extruder has been 
developed at LASL (1/1). 

Continuous screw extrusion produces 
extrudate with 
and density uniformity at high rates 
(150 lb/hr with a 214-in.-dia barrel 


excellent dimensional 


extruder). Profiles with a major diam- 
eter of 14 to 3 in. have been prepared 
with wall thicknesses ranging from 


1{, to 3 in.; transverse dimensional 
ratios over 9:1 have been used in strip 
extrusions. Figure 1 illustrates som¢ 
structures possible with this process 
In the screw-extrusion process, feed 
material entering a hopper section is 
first engaged by a long screw that 
rotates within a close-fitting heate: 
cylinder. 
the cylinder section by the screw, the 


As it is conveyed through 


This article 


s on page SU 


adapted from those used in the carbon- 
15). 
est in graphite in the missile and nuclear 


brush industry The recent inter- 


fields has led to formulation studies by 
many groups, prominent ones being 
(1l6 


and divisions of the Los 


Armour Research 


Battelle (17) 
Alamos Scientific Laboratory (18). 

A number of the known filler-binder 
systems have been modified for use with 


Foundation 


a screw extruder; some are listed in the 
table The 


formulation shows that a 


below. range in values 


for ink 


& Spe 
plain graphite can be substantially 
improved by interposing an impregna- 


tion step in processing. As an exam- 


ple, type 2 graphite exhibits a 40% in- 
crease in flexural strength and a 20% 
reduction in resistivity with a single 


pitch impregnation 


While high-temperature properties 
of these extruded graphites have not 
yet been determined, measurements on 
other admixture-loaded samples (12 


indicate that most properties show the 


temperature dependence of ordinary 


graphite. 


Fuel Incorporation 





ume. The amount and distribution of 
incorporated fuel depends on the ac- 


cessible matrix porosity, the pore-size 


distribution and the structure of the 
graphite. 
Admixture loading as UO, is nor- 


mally preferred since a fuel content as 
high as 1 gm/cm can be easily obtained. 
les, such as 100-micron 
this method. 


f this size, 


Large UO parti 


shot, can be used with 


With particles « most fission 


fragments are retained within the par- 


ticle, thus decreasing recoil damage to 
the graphite matrix and reducing the 


over-all diffusion of fission 


Solution 


products 


(20). impregnation, in con- 


articles of such small 
that there is 


\atrices con- 


trast, deposits | 
size (less than 1 micron 
no effective retainment. 
small particles are perhaps 
circuits operatin 


this Cc 


taining such 
best suited to active 
ratures. Ir 


or 


at high tem pe ase, 


many 


radiation damage is annealed and 


fission-product poisons can escape by 
volatilization; hence the burnup poten- 
tial is high In canned fuels, the re 

quired lower operating temperature 
can restrict annealing. The resultant 
radiation dan and generation of 
fission-gas pressures will limit the 


allowable burnup, thus suggesting the 


use of large particles in this case. 





material becomes plastic before being Impregnation by immersing a graph- Incorporation of fuel as UC ght 
forced through the die. ite shape in a uranium-bearing solution seem to be desirable since matrix carbon 
. suffers from loading limitations—with would not be consumed as in the cast 

Formulations a normal graphite, a single impregna- of oxide. Thi irbide, however, is 

The formulation of synthetic graph- tion using a highly concentrated solu- quite reactive and is rapidly destroyed 
ites has been an art, historically. Most tion of uranyl nitrate will deposit as at baking temperatures by reaction 
of the present-day materials ars ie] ~0.2 gm/cem?* of matrix bulk vol- with binder decomposition products 
Properties of Screw-Extruded Fuel Bodies 

Typ 1'ype Type 
Compositions 
Filler Petro m coke flours rbon Graphite flours, carbon black Graphite flours, carbon black 
bl 10% to 20% 25 
Binder Coal-t pitch, 20-25 of mix Coal-tar pitch, 23 26 of m ( i I + 19 
~ Il 
Extrusion aid* Eru 1, 7% of binder Erucic acid, 7‘ 1 Nor 
Characteristics Best é thin sections; Open pore structure; continu- Good over-all properti OW 
req es slow baking rates ous fast baking feasible porosit 

Typical Propertiest 
Fuel loading (gm /cm®*) 0.2 (104 nomin 0.2 (100u nominal 0.2 (1004 nominal 
Carbon density (gm /cm*) 1.80—1.86 1.50-1.65 1.75 
Flexural strength (psi) 6,000—9,000 2. 500~3,500 +000 
Crushing strength (psi) 9,400—16,000 3,000—5,000 9.000 
Resistivity (milliohm-cm) 1.75-1.54 1.40—-1.10 1.00 
Electrical anisotropy (0.750 X 

0.080 in. strip) 2.30-2.00 2.04—2.00 
Accessible porosity (% bulk vol., 

>0.1yu pore dia) 14 24 10 

* This extrusion aid, one of several suital acids, was developed specifically for pitcl ler ew \ 

t Room-temperature values for optin 1 value, for types 1 a 2, i or stock | I I | i 


step in processing. 
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Master-Slave Manipulators — Pra] 
AMF now offers a new, Heavy- 
Duty Manipulator with up to 5 
times the operational capacity 
of its Standard Model 8. A bro- 


chure describes its many un- 
usual features. 


New and different 
from AMF Atomics 


Research, test, training reactors— 
Twenty-one AMF research reac- 
tors, including all major types, 
are operating or are under con- 
struction over the world...mak- 
ing AMF the world’s leader in 
the field. 


Reactor refueling equipment — De- 
veloped for refueling submarines 
and stationary nuclear power 
plants, this equipment permits 
remote removal of plugs, control 
rods, other core components. 


Remote handling equipment— 
AMF’s unparalleled experience 
in mechanical design has been 
applied to the nuclear field. Such 
equipment as manned and un- 
manned special-purpose vehicles 
for power reactor maintenance, 
nuclear aircraft handling, and 
salvage and recovery operations 
have been developed. 








Hot-cell equipment—Specially de- 
signed equipment for “hot” prob- 
lems developed by AMF includes 
remote-controlled milling ma- 
chines, remote welding machines, 
and intercell heavy-duty remote 





Control Rod Drives — AMF pio- control transfer devices. 

neered and standardized the 

cantilever drive for research Fuel elements—Natural uranium 
reactors. Now AMF offers this fuel elements for research, test 


unitized control rod drive for ° 
e and power reactors s 
pressurized water and boiling power reactors are designed 


water power reactors. It fea- and manufactured at AMF’s 
tures reliability and economy. Canadian fuel plant. 


Contact us for detailed information. 


Seal Weld Cutting and Welding 
Machine — Custom-designed 
both for semi-automatic weld- A M F ATO M ' Cc i 
ing and cutting of seal between 
vessel head and body on power 
reactors. Adaptable to any 
variation of this basic design. 


A Division of 
American Machine & Foundry Company 
261 Madison Avenue, New York 16,N. Y. 
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Experience, performance across the board ... across the world 








ACCURATE TIMING | Srcrtite-Motrix Fue! Bodies 


for 


NUCLEAR SCALERS 





the New 
MODEL 111 DUAL PURPOSE 
SYNCHRO-MOTOR TIMER 


Times to either set interval (.01 to 
90 minutes) or set count (.01 to 100 
minutes). Accuracy is plus or minus 
0.001 minute. 


Easily and accurately set and read 
—minutes and decimals. 


Start, stop and reset electrically 
controlled. Automatic reset. 


Elapsed time continuously indicated. 





MODEL 2-D 
SYNCHRO-MOTOR TIMER 


Times and integrates to pre-set time 
1 second to 60 minutes. Accuracy is 
plus or minus 0.1 second. 


Easily and accurately set and read— 
continuously indicates elapsed time. 


Turns on manually—off electrically. 
Manually reset. 


White FOR INFORMATION! 


LIEBEL-FLARSHEIM COMPANY 


DIVISION OF RITTER COMPANY INC. 


CINCINNATI 15, OHIO 
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Flexural Strength (lO 


ps 





FIG. 2. PROPERTY DEPENDENCE of type 
2 graphite (see table) on uranium content; 


fuel was incorporated as UO», 74-104- 
micron, high-fire sintered shot 


The loss of matrix material when using 
UO, is significant but does not seriously 
influence properties, at least up to load- 
ing values of 0.8 gm/cm!? (Fig. 2). 
Photomicrographs demonstrating this 
carbon loss are shown in Fig. 3. 

Water vapor in air reacts with UC 
and causes it to revert to an oxide with 
the evolution of gaseous hydrocarbons. 
Thus freshly graphitized fuel bodies 
must be immediately canned or pro- 
tected with 


hydrolysis does occur and operating 


an inert atmosphere. If 


temperatures cause a repetition of the 
carbiding cycle, an irreversible deterio- 
ration of the result. A 
loss in flexural strength as high as 30% 


matrix will 


has been observed. 


UO,-Bearing Fuel 


Baked-carbon fuel bodies that simp; 





FIG. 3. 
At left is baked stock containing 0.8 gm/cm* of 74-104-micron UO, shot. 
unpolished surface with spherical UC» particles and cavities that developed in reaction 





CARBON CONSUMPTION in conversion of UO 


This article starts on page 80 


contain UO, are also of interest since 


hydrolysis problems are avoided and 
the high processing cost of graphitiza- 
tion eliminated. Such elements, how- 


ever, must approach graphite in 
properties and yet not be exposed to 
temperatures (~1,300° C) in processing 
or operation where UC, formation be- 
comes significant. Type 2 or 3 mate- 


rial, which can be formulated with 
large proportions of graphite flour in 
the filler, develop reasonable properties 
at moderate baking 
(Fig. 4). 


Figure 4 also demonstrates the effect 


temperatures 


of UO, particle size. The smaller mate- 
rial does not disturb the packing char- 
acteristics of the matrix structure as 
much and allows a somewhat higher 
flexural strength. These small parti- 
cles with their higher chemical reactiv- 


Fig. 4, 


iower 


ity show in however, the 


lormation at temperatures of 
low-resistivity UC 

A major consideration with these 
bodies is that raw materials be carefully 
selected for nuclear purity. In the 
normal carbide-bearing element re large 
fraction of the impurities is volatilized 
at graphitization temperatures. Oxide 
fuels with their low baking tempera- 
tures cannot be rid of contaminants in 
this fashion. A typical carbon with 
raw materials not selected for purity 
will have an ash content of about 3,000 
ppm when baked to 1,000° C 


proximately 200 ppm when graphitized. 


and ap- 


. * - 
This work was sponsored by the I S. 
fiomic Ene gy ¢ ssion 
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to UC. during graphitization. 
At right, 
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FIG. 4. BAKING-TEMPERATURE effect on 
properties of type 3 graphite specimens 
(see table) containing 0.2 gm/cm* uranium 


R. P. Ha ond, J. P. Cody 4 preliminary 
experiment, LA-2303 
I », Roser I se of t ne trifluoride 


iranium 


materials, NAA 


P Fortescue et HTGR-underlying 
; LEONICS 18, No. 1 
Re 
IRA N 4, N 102 
A. 1 nts fora high 
‘ I rnational Con 
e | Uses Atomic 
I 7 748 (United Nations 
8 
> xv | Progress I t I 
NYO 73 (1959 
Z A.B tt Preparation of 
t NAA homogeneous 
tor, NAA-SR-240 
r fuel 
issified 
; I ‘ re gas 
i | lopment 
' i ess report fo 
gs ), 1960, GA-1774 (1960 
r. M. Benzig t High density graphite 


s prepared by a con 
n 4 4 s LA-2109 (19057 
P. Wagne et S mechanical proper 


ature range 20 
§. 000° ¢ I International Conference on 
re Ator Energy vol. 7 
79 N ns, New York, 1958 
my ect Quarterly prog 
s gz Sey 30, 1960, 
ORNI 
M I duction and 
s rs, in “* Inte 
( Peaceful Uses 
4 Energ 8, J $51 (United 
N s Y 8 
I i f ¢ I nology »| 
| Inte I lia, Im New 
York iv 
S. W. Bra Ir “ n gray t 
odies, AR F-#i 
W. A. Hedden, et a Experimental carbons 
75 I I on studies, BMI-962 
19 
18. W B. Gibsor P minary investigations 
n ‘ extruded graphite 
LASL-AEC D-4260 057); declassified 1958 
1 T. M. Benziger { S Patent, 2,870,031 
TT J 20, 195 
R. J. Harrison Effect of particle size on 
ige for particles of 
fissionable il dispersed in a matrix 
rID-10017 
Vol. 19, No. 5 - May, 1961 


















Your need for air-operated valves in systems 
with limited space is answered here. Light 
weight . . . easy to install, these new AE Air 
Operated Valves are far more compact than 
any such units thus far offered. They’re 
designed for on-off use with 4%, 44, ¥% or %¢& 
inch stainless steel tubing and for pressures 
up to 5,000 p. s. i. Your choice of either air- 
to-open or air-to-close designs. 


Complete information is offered in Bulletin 


361 —yours for the asking. 


2934 West 22nd Street ° Erie, Pa. 


Designers and Builders of High Pressure-High Temperature Equipment including: Valves + 


AIR-OPERATED VALVES 


Fittings 


* Stirred Autoclaves * Reactors * Pumps +» Compressors * Complete High Pressure Package Systems 


including Instrumentation and Controls. 
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Incinerator Reduces Volume of U-Contaminated Paper 





By R. C. THORBURN and R. J. CHANDLER 
Atomic Power Equipment Department, General Electric Company 
San Jose, California 
Fuel-fabrication operations in our $5,200 for filters and $2,700 for labor). air; but most tests were run between 
plant generate about 5,000 ft* of Now that we have learned that rapid 200 and 800 cfm (300-1,200 ft/min air 
combustible waste each month. This clogging of the filters is caused by — speed in stack 
waste consists of paper and poly- burning items such as plastic, rubbe1 For three furnace arrangements the 
ethylene bags used to hold UO, gloves and tape in the incinerator, tests compared the waste-volume re- 
powder and pellets during and be- labor costs will drop at least 30°%. ductions, drafts needed to prevent 
tween processing steps and to prevent We are studying ways to recover some blowback and excess exit temperature 
shop contamination.* Use of the of the <0.1 wt uranium in the and filter loading rates. We ran the 
incinerator system described here re- ashes. Now that the incinerator has filters to break-through loading to 
duces the cost of handling and dispos- proven to be economically successful learn pressure drops at which filters 
ing of this mildly radioactive waste it has become practical for 60 of our should be changed. Preliminary tests 
material. shop workers to wear disposable paper showed that for rapid burning to take 
In each 8-hr shift (1 hr of which is work clothes. This amounts to about place the first combustion chamber 
warmup time) this incinerator can 200 ft* of waste per month. must be at least 6 in. larger all around 
burn 1,000 ft* of waste. During the than the cartons 
first 28 weeks of production use, it Tests Results. With an incinerator hav- 
saved us $82,100 in burning 6,747 It took about 8 months to puild and — ing only a single combustion chamber 
cartons (each 2 X 2 X 2.5 ft) of waste test the incinerator. The tests were and a centrifugal fly-ash separator, 
that would have cost $108,000 to dis- made to learn the best arrangement of  exit-air temperature at the stack top 
pose of without burning. The incin- furnace and exhaust system. Ura- was 400-600° F; waste volume was 
erator and 28-weeks operation cost a nium-free waste in cartons (2 x 2 » reduced no more than 25-fold (allowing 
total of $25,900 ($12,000 for the system 2.5 ft) of the type used for shop-waste for the volume of used filters) and 
and its operation, $6,000 for tests, collection was burned in the furnaces carbon the smoke plugged = th 
being tested; barium oxide served as filters so fast that no more than 
* M. J. Sanderson, P. D. Wright How tracer The exhaust blower could cartons of waste could be burned be 
General Electric fabricates fuel ele ments for ikt ths voubes ak & temetive Sle tenes, ihen See eae FSS 
Dresden, NUCLEONICS 16, No. 11, 128 © = r 
(1959). pressure while moving 1,500 cfm of second combustion chamber and 
we tack 
' ’ 
* 
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INCINERATOR REDUCES VOLUME of uranium-contaminated com- waste (on far side of charging door). A water-spray cooler keeps 
bustible waste by 150-fold, cuts disposal costs 75%. It consists of furnace exhaust gases at 300-600" F so filter won't be damaged; 
natural-gas-fired furnace (Plibrico-1-100) with three combustion blower holds negative pressure in system. Continuous sampler 
chambers, o 2.2 X 2.2 X 2.7-ft air lock for spill-free charging of | monitors for U that escapes high-temperature absolute filters 
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Complete Instrumentation 
spre! vane roincton 2460 TAY Nyclear Measurement 


and filter somewhat, 


but filter plugging still was excessive. 


a oS ee @ EKCO for RADIATION MEASUREMENTS: The 


cinerator with no fly-ash remover since Ek FI ° L d * 
waste combustion was complete, but nameplate Ekco Electronics, Ltd. appears on in- 












































Cin Gull. ts ine cee te EKCO struments of wide application and diversified de- 
at all air fows and the filters burned Sign in almost every country of the world. This nameplate is 
out assurance of the very best in concept, workmanship and capa- 
The solution was to use a three- bility. 
chamber furnace and to cool its 
xhaust | 1 circulating water spray. 
an che ae aes N616 ELECTROMETER 
than 150 bout 200 boxes of 1 : i i 
. 1 OXES ¢ nor ond exgiiiee emits > Snow Amplifiers 
vaste vere burned before the filter mediate selection 1012 Geiger Pre-amps 
10 i 
cloggt 1 eno igh to nee d re placement. ot 108 resistors, plus Geiger Probes 
We prevented blowback by holding | ¢harge measurement. 7 congue out full scale iy ned ys High-Resistance 
100 uv stability day to day % accuracy for voltage sul Measuring Set 
1-11 pressure on the furnace at ments. Recorder output. Full test facilities. 
600 cim About 99° of the BaO eich diandine 
tayed in the combustion chambers; N664 SCINTILLATION COUNTER Scandia Mbithi 
the scrubber removed ~1%. Specto- | Tes, tly, east Sta@lation Const for ose C.D. Radiation 
graphic analyses showed that no Ba _ of comparable ability. Has inbuilt linear amplifier. Monitors 
the filter and got to the | Samm seman oof eMlent for seeing Medical Scimtilltion 
irons Results were the same when Ideal for routine gamma counting with solid or Counters 
; weer i : well-type crystals. Compact, dependable and proven. Sodium lodide 
iste containing Known amounts Crystals 
of natu UO. powder were burned. ; rs | N530 SCALER Sample Ovens 
. id Preset time and preset count. Six Pulse Analyzers 
Operation decade automatic scaler with precision —_ : 
, ca discriminator ond stable H.V. to 2,000 Coincidence Units 
At startup each day the furnace os volts, Longe moter mentions WV. and die- Portable Scalers 
cr . us ti 
take in hour to | t up before charg- ‘ ye , a - volt —. “hr volts =. 
: ions also provi start, stop, reset, test cps, test 60 : 
ng begu Exit gas from the burner ~ The perfect instrument for most scintillation and cM counting. Reactor Period Meters 
1 between 300 and 600° F by Log Gamma Monitors 
a ee =p = 7 Thermocouple Trip 
isting air fl ater cir ulation N600 RATEMETER Amplifiers 
the spl OO1eT If the exit gas Plug-in assembly in a compact versatile Fast Neutron Heads 
sets too hot o1 r flow drops an alarm package. 10 ranges 3 cps to 100,000 cps ‘ 
‘ full scale with mean probable error con- Effluent Monitors 
\n automatic vent maintains ae om Me hy saa ; ’ Shut Down Amplifiers 
ur when the charging 0-100, aw 0-100% of Guochatd with ‘ dt i Power Error Meters 
monval @ automatic scan. ast recovery rom over near 
iors are opened even if the furnace amplifier from 25-1,000 times with stable H.V. up to 2,000. 
t operating Le impler in the ath» gol gaa .5 mv to 2 negative, 5 volts to 100 positive. Nuclear Transmission 
khaust stack mntinuously monitors oe G 
for any uranium emission; because of 596 RADIATION MONITOR rag ym 
; ' : Pipe-wall Portable 
( t gas the sample stream Operat oo decd batteries. fenize- Gauges 
1 throug ir condenser and | = (aus ¢ 2 oa nm Fluid Density Gauges 
then through a sample filter—both | integrating range of 0-30 mrads with a Proportional 
ie aaaal aieauete cit annie ; time constant of 15 hours. Measure, Beta Controllers 
I ire analyze lor 3 MEV to 500 KEV ond Gamma 3 MEV to 
— ey eee sn of wane | = — oa et ——- Chamber especially designed to Limit Alarms 
' ‘ ‘ ATLL = approximate physiological dose-rate 
tation | soil around the incinerator 
increase over natural 
a | N578 SLOW NEUTRON MONITOR 
We change filters when pre ssure drop Measures dose rate from slow neutron 0-15 mrem/hr to 0-150 mr with 
rises to 2 tbout 140 boxes of waste inbuilt calibration source. Scales calibrated and direct reading. 80-1! 
; discrimination against gamma dose rate. Energy range to 30 eV. One 
burned before this occurs. After second time constant. 
the incinerator cools we spray the 
ishes on the removable tray with water 
and shovel them into a 55-gal drum for 
ultimate disposal After each burning 
period the filters in the recirculating Oo Oo 
Sf rubbe r system are cle aned to avoid EKC ELECTR NICS, LTD. 
re ene et eee In U. S. A., address all inquiries to: 
SSOUNSOG OF 8 CUFUEE CORNENS pad, from American Tradair Corporation, 34-01 30th Street, 
vhich drains lead to the liquid-waste Long Island City 6, New York 
treatment area ELSEWHERE: Ekco Electronics Ltd., Southend, England 
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Health Physicists Push Certification Program 


A five-member American Board of 
Health Physics is now granting certifi- 
cation to health physicists who meet 
its requirements. The board is essen- 
tially autonomous although it has been 
established by the Health Physics 
Society and its members are elected by 
the board of directors of the Health 
Physics Society. Provision has also 
been made for the board in the future 
to contain representatives of other 
interested groups, who will be chosen 
by these groups. 

Significance of certification can only 
become clear in the future. Once a 
certification procedure is defined and 
set in operation so that a significant 
number of certified health physicists 
exists, legislatures, government agencies 
and industrial companies can, if they 
like, specify that a certified health 
physicist must perform certain duties. 
Presumably adoption of such regula- 
tions will depend on the efficacy of the 
certification procedure, and—on the 
other side of the coin—the efficacy of 
certification will probably be greater if 
demand and need for certified health 
physicists is great. 

The third written examination for 
certification candidates will be given at 
the forthcoming Las Vegas meeting of 
the Health Physics Society. In a sense 
this will mark the setting into motion 
of routine certification because until 
the end of last year candidates could 
be certified without examination at the 
discretion of the board. Most of the 
more than 200 certified health physicists 
in existence today have been certified 
without written examination. But 
three busy years of preparation pre- 
ceded the first examination—thre 
years of work by committees (that 
examined the need for certification), a 
temporary board and an examination 
panel (that determined what the exami- 
how they 


nations should cover and 


should be made up and administered). 
Board and Panel 

The American Board of Health 
Physics is specifically charged with de- 
veloping standards and procedures for 


eertification of health physicists, in- 


stituting examinations leading to certi- 
fication and issuing written proof of 
certification to those who have the re- 
quired qualifications and successfully 
complete certification examinations. 
Until now members have been nomi- 
nated elected by the 
directors of the sponsoring society. 

The 
whose term expires each year; hereafter 
all members will be elected for terms of 


and board of 


present board has a member 


A subsidiary panel of exam- 
been established by the 
American Board of Health 
One need not be a member of the parent 
society to be a member of either the 
American Board of Health Physics or 


its panel of examiners. 


five years. 


iners has 


Phy sics. 


Program in Motion 


The certification 
ready produced certifications for 209 
health physicists. Of these, 85 were 
a group of 100 “guinea 


program has al- 


members of 
pigs,’ health physicists whose records 
were studied for the purpose of setting 
up the The 


100 were chosen as a cross-section rep- 


criteria for certification. 


resentation of men deemed worthy of 
Other 


certifications were awarded to men who 


certification without question. 


applied before the end of 1960 and were 
the board to be unquestion- 
certification without 
further examination. About 40% of 
those applying in 1960 were certified in 
this manner. And finally there have 
been 39 candidates at the two examina- 
tions that have already been admin- 
istered by the board. 

First step in the direction of a certifi- 


found by 


ably worthy of 


cation program was appointment of 
Elda E. Anderson, Oak 


Ridge health physicist, as chairman of 


well known 


a committee on certification at the 
founding of the Health Physics Society 
in 1956. In November, 1958, a tempo- 
rary board was appointed. This board 
selected the 100 guinea pigs and drew 
up a set of minimal qualifications from 
a study of their records. The present 
board was officially established in 1959. 
Members elected in 1959 were William 
A. McAdams, chairman, Elda E. 
Anderson, Lauriston 8. Taylor, John 8S. 


Laughlin and John W. Healy. Dr. 
Anderson has now assumed chairman- 
ship of the board, and McAdams, whose 
term has run out, has been replaced by 


John W. MeCaslin. 


Requirements 

The person who wants to be a certi- 
fied health physicist must first satisfy 
the board that he meets the minimal 
requirements of academic training, 
past experience and present involve- 
ment in health physics. He may be 
asked to submit two written reports to 
show that he is capable of evaluating 
and reporting the safety of an installa- 
tion or an operation. Then he is sub- 
jected to examinations: a written one 
prepared by the panel of examiners and 
an oral one conducted by at least three 
members of the same panel. 

The candidate is expected to have a 
In a biological or 
If he has no degree, 


bachelor’s degree 
physical science 
the board can, in exceptional situations, 
allow him to substitute experience for 
formal academic training. 

(This view of academic training for 
radiation protection is in some contrast 
to the view of a group asst mbled_ re- 
cently under the auspices of the De- 
of Health, Education 


A symposium attended by 


partment and 


Welfare. 
representatives of universities, pro- 
fessional societies, governmental health 
agencies and others agreed that radio- 
logical health specialist training should 
be primarily a graduate-level function. 
The meeting was called as a step to 
reduce a generally recognized acute 
shortage of trained radiological health 
specialists. Proceedings of the sym- 
posium have been published by the 
Division of Radiological Health, U.S. 
Public Health Service, under the title 
of “ University Curricula in Radiologi- 
cal Health.’’) 

In harmony with their intention to 
emphasize applied aspects ol health 
physics, the board requires at least five 
years of “responsible professional eCX- 
perience”’ in the field. The board in- 
tends to raise this minimal requirement 
gradually until it reaches ten years. 


This does not include training experi- 
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Gradu- | 


ate work can be substituted for some of | 


ence and work as a technician. 
this experience, but only up to a maxi- | 
mum of three years. In addition the 
applicant must be currently engaged 
during a substantial portion of his time 
in the practice of health physics or 
radiological phy sics. 


Examinations 


How to examine applicants has been 
the problem of the panel of examiners 
under the chairmanship of Frederick P. 
Cowan of Brookhaven National Labo- 
ratory. The 11 
selected to cover the country geographi- 


members have been 


cally and also to cover the multiplicity 
of neighboring disciplines that make up 
the subject matter and responsibilities 
of health physics. 

The panel has written a list of objec- 
the 


examination: examinations should 


tives to be achieved in written 
be 
comprehensive, include problem work, 
test judgment and attitudes, command 
respect and emphasize application. 
Actual preparation of an examination 
from 


of 
usable questions and then getting ap- 


consists in soliciting questions 


the panel, compiling a collection 


proval of the panel as examinations are 
made up from the collection. 

It is the hope of the panel that some 
day a syllabus will be available to guide 
applicants in preparation for the exami- 
nation. In addressing a recent meet- 
the New York chapter of the 


Phy sics Society 


ing ol 
Health 
the 


syllabus 


, Cowan listed 
for 
They included fundamentals 


subjects such a 


appropriate 


of radiobiology, dosimetry, physics, 
statistics, radioactivity and decay, de- 
tection methods, air sampling, labora- 
tory facilities, chemical-plant problems, 
radioactive effluents, hospital problems, 
X-ray 


health physics and nuclear safety, and 


surveillance, shielding, reactoi 
area and site surveys. Until asyllabus 
is available, it is the hope of at least 
some of the examiners that examina- 
tion papers will be released as a guide 
At present the 
examinations are not given general dis- 


to applicants’ studies. 


tribution, but they are given to those 
who are authorized to take an examina- 
tion as a help to them in their prepara- 
tion. Thus copies of Examination 1 
were furnished to all those permitted to 
take Examination 2, and those author- 
ized to take Examination 3 will be per- 
mitted to see Examination 2. 

Oral examinations have not yet been 
instituted, but they 


examining panel feels it can manage | 


will be when the 


them. 
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Isotopes of Rare Purity 


The need for pure isotopes in 
work concerned with nuclear 
structure and particle reactions 
has led us to develop a new, 
broad-range electromagnetic iso- 
tope separator that is faster, sim- 
pler to use and provides purer 
samples than any comparable 
equipment we've seen. 


This instrument is designed to 
produce up to 10 microamperes 
of individual particle beams — 
with a mass resolving power bet- 
ter than 400. Separation is 
achieved in a 5000-gauss, 160 
cm radius magnetic field. Time 
for recovery of samples after col- 
lection is less than two minutes. 
Those who have had their decay 
schemes disappear before their 
eyes will appreciate this bit of 
engineering in working with 
short-lived isotopes. 


The instrument can also be 
used to produce nuclear targets 
for studies of energy levels, scat- 
tering, neutron cross-sections or 
other phenomena, as well as 
pure radioactive tracers. Two of 
these instruments are now being 
built for U.S. energy 
program. Specifications for the 
machine are presented herewith. 


atomic 


160 CM ELECTROMAGNETIC ISOTOPE SEPARATOR 


Range: Atomic mass | to 400 
Current: 10 ua of most abundant isotope 
(100 4a achievable with some 
loss in resolving power ) 
Voltage: 80 kv 
Magnetic Field: 5000 gauss 
Field Stability: Better than 01 per cent 
lon Sources: Modified Arc 
Operation: Time for removal of collector 
after full operation — 2 minutes 
Vacuum System: All metal bakeable gasketing 


Radiation and Microorganisms 


Microorganisms happen to be 
thousands of times as resistant 
to nuclear radiation as the more 
complex organism, Man. When 


subjected to the penetrating 
ionizing electron beam of the 
particle accelerator, however, 


even the hardiest of bacteria are 
killed in seconds. 






















Conveyor system and scanner which 
on sterilizing radiation to surgi- 
cal kits. 


This fact has again been put 
to practical use in two new prod- 
ucts just introduced by Hospital 
Supply & Development Co. The 
products are surgical “kits” used 
by doctors and nurses in hos- 
pitals and clinics. They include 
such items as plastic trays, 
gloves and catheters, lubricating 
jellies and absorbent cotton. 
Sealed in air-tight plastic bags, 
the kits are rendered sterile by 
the penetrating electron beam 
of the 2-Mev Van de Graaff 
in our Electronized Chemicals 
Corp. radiation processing vault. 
A production rate of 600 units 
per hour is achieved by the 
2.5-kw machine equipped with 
a 15” beam scanner. 


Sterilizing hospital supplies by 
means of electron irradiation al- 
lows continuous high production 
rates, eliminates crazing in plas- 
tics, and permits packaging 
which lends itself to the market 
of today. Production line sterili- 
zation is a technique which you, 
too, may be able to put to profit- 
able use. May we send you a 
copy of our “Handbook of Elec- 
tron-Beam Processing”? 


HIGH VOLTAGE ENGINEERING 
CORPORATION 


BURLINGTON, MASSACHUSETTS, U.S.A. 
APPLIED RADIATION CORPORATION 
HIGH VOLTAGE ENGINEERING (EUROPA) N.V. 


J 











Electrical Gas Discharge—Competitor to Radiation? 


By TORBJORN WESTERMARK, The Royal Institute of Technology, Stockholm, Sweden 


Electrical gas discharge deserves 


serious consideration as a potential 
competitor to large radiation sources 
for inducing industrial chemical proc- 
Although Lind (1) recognized 
as early as 1928 the qualitative equiva- 
lence of the chemical actions of thes« 
two energy sources, there has been 
little attention to their quantitatir 

relationship. 

Radiation and gas discharges bot! 
produce molecular ionization and ex- 
citation. Radiation involves kineti 
energies that are high compared with 
those of the valence electrons. Radi- 
ation processes have been treated theo- 
retically by the Born approximation 
(2). In gas discharges, however, only 


esses. 


some electrons have sufficient energy 
to bring about ionization and excita- 
tion. In either case the ions and the 
excited states are supposed to be the 
precursors of chemically reactive free 
radicals, radical ions or free electrons 

The equivalence of these two kinds 
of actions should to a first approxima- 
tion be governed by energetic consider- 
ations. Since the dose corresponds to 
the energy absorbed per unit mass, the 
dose rate is connected with the power. 
A fraction 7 (or the radiomimetic effi- 
ciency) of the electrical power absorbed 
in a gas discharge (P) is assumed to act 
like 


rate is then 


radiation. The equivalent dos 


dD/dt = (Pn/m)10° rads/sec 


where P is expressed in watts and m is 
the mass of the gas in grams (3) 

The amount of chemical action, or 
radiation yield, of ionizing radiation is 
expressed as G, the number of molecules 
converted per 100 ev absorbed. Equiv . 
alent G-values (G.) can be obtained for 
electrical discharges from the yield of 
chemical products and the electrical 
energy absorbed (4, 5). Then, 7 is 
also given by G,/G. 

The yield G, is always less than @G 
(and therefore 7 is less than unity) be- 
cause of, among other things, heat and 
light losses in the electrical discharge. 


Comparison of Yields 


The production of atomic hydrogen 
provides a comparison of electrical-dis- 
charge and radiation yields. Eyring 
et al. (6) have estimated the G-value t 
be 12-16 (by considering the ionize: 


90 


ind excited species formed in hydrogen 
then 
interpreted the subsequent chemical re- 
d by the radiation. 


by radiation) and successfully 


actions Cause Some 


{} 


efficiency figures have been published 


tor electrical gas discharges. Convert- 


ing them to G-values yields figures 


close to those of Eyring etal. For 
instance, G 13 was obtained from 
Shaw’s microwave data (7). The fig- 


} 


ire agreed roughly with that reported 
by two earlier investigators. 
figure was, however, found by McCarthy 


for his optimum case (8)—1 gram-atom 


kwh, which would correspond to 
G. = 2.7 for H-atom formation. 
Microwaves apparently give ‘good 
figures. Shaw (9) compared various 


harges and favored micro- 


t\ pes OTe(1s 
waves for many reasons, e.g., their low 
dielectric-loss factors and favorable 
discharge-excitation properties. 

The Wil 


compounds with tritium 


zbach process tor labeling or- 
(J0 is 
This 


process, which in its orthodox form is 


nt to our discussion. 


rought ut | the beta-radiation 
energy the tritium itself, can be 
speeded up by several magnitudes by 


from electrical dis- 


The 


Ving energy 


harges in the energy re- 


vas. 


nts for achieving a certain vield 


quirem 
can be compared and the 7»-figures 
evaluated. The precision is not very 


good, part 


because the power meas- 
The 
table shows a set of n-values calculated 
from the Wilzbach-Dorfman data (11 

vield, i.e., the 
product,” 
The 


fact that one n-value is as high as 100% 


} 


difficult at present. 


urements are 


The primary fixation 


column denoted 


~ impure 
might be of greater interest here. 
ertail reflects the inaccurate 
All the values should 
figures for the 


power! 
measurements 


be regarded as rough 


same reason; the results give a magni- 


A lower 





n Calculated for Tritium Labeling 


Impure Pure 
product, product, 


Substance laheled n( &% ni % 
p-Dichlorobenze ne 100 1() 
Naphthalen 23 9 
Palmitie acid I 12 3 
Palmitie acid IT 16 5 
Average 40) 





that the 


tude, however It is seen 
vield is at least 10% and probably more 
than 25% 

From work in this laboratory, in par- 
ticular on microwaves (4), n-values for 
tritium labeling have been deduced 
Table 9 of ref In general, lowe 


n-figures were obtained; recombination 


greatly reduced theefficiency. Stream- 


ing systems like those of Shaw and 
MeCarth 8) would be expected to 


raise the yields considerably 
MeCarthy 8) gives yields for the 

production of NO and NO. from Ne and 

QO. and C.H om CH, He states a 


ield for NO of 0.77 mole/kwh which 


corresponds to G ns Radiation 
ields G put not ich 
irger e.g Hart bh ind I) ies 
G 6 (12 Restaino, G } ind 
Henley, G } 14 For acetylen 


from methane, McCarthy got 1.2 moles 


kwh orG ~ 1.2 | find no 


‘hemical studies of this process in the 


literature 


lhus, f systems, the gq ti 
tative eq ‘ e betw the a mn 
of ionizing radiations ind ¢ tr i 
discharges (particularly microwa is 


reasonably established. 


Large-Scale Applications 
Michaelis lo has cal 


osts tor radiation energy tron rado- 


ulated the 


isotope sources and trom accelerators 
He has also considered electrical dis- 
charges and ultraviolet ligl 


competitors but without detailed elabo- 


ration. Some typical costs calculated 
by Michae ire the following: Cs 

$4.35 kwl Zi Nb S3.09 ( 

$2.95; and « tron-accelerator radi- 
ation in the future, $0.55. These costs 
ipply to 30-k tallati inder spe- 
cified assumptions From thes ig 
ures, chem il-production costs can be 


calculated if G-values are known 


The views presented in the present 


article might be used to compare costs 
for particular cases. I will not do this 
here, but might note that, provided n is 
ibout 34 which 18 a justified esti 
mate) and the onversion of mains 
energy to usel crowave energy Is 
also about 14 sonable figure), th 
price per kw} | be higher by a factor 


of 16 than that for a kwh of mains ele: 


trical energ Even if 


and 


dis- 
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capital 


operating costs are added, gas 











“3 good ways to make dc measurements 


KEITHLEY ELECTROMETERS have up to 
, 64 voltage, resistance and Current ranges 


1 Model 610A, 64 ranges 


The line-operated 610A is a refinement of the popular 610, covering 
virtually every dc laboratory test. It measures nine voltage ranges from 
0.01 to 100 volts full scale with 2% accuracy, current from three am- 
peres to | x 10~'8 ampere full scale, and resistance from 10 ohms to 
10'4 ohms full scale. The 610A also serves as a useful de pre-amplifier 
with precise gains to 1000 and outputs for driving scopes and recorders. 
Input resistance is variable from one ohm to over 10'* ohms. The 
instrument checks its own resistance standards. Zero drift is within 
two millivolts per hour. $565.00 








2 Model GOOA, 54 ranges 





This portable instrument is a battery-operated counterpart of the 610A. 
Its ranges cover 10 mv to 10 volts, 3 amperes to 10-!8 ampere, and 104 
to 10" ohms full scale. Like the 610A, it has selectable input resistance, 
a de to 100 cps bandwidth, and output sufficient to drive recorders 
directly. Battery life is 500 hours; condition may be checked on the 
panel meter. $395.00 





Three accessory probes and test shield are available to facilitate 
measurements and extend voltage ranges to 30 kv (Model 610A) or 
10 kv (Model 600A). 





Model 603, differential input 


This instrument is a wide-band dc amplifier, with 
an extremely high input impedance, high voltage 
and current sensitivity, and a remote differential 
input. Its separate input head permits measure- 
ments up to 24 feet from the amplifier. The 603 has 
nine ranges from 2.5 to 1000 mv, with precise 
gains up to 4000, and a 10-volt output at 10 ma. 
Bandwidth is de to 10 ke on the 2.5 mv range, ris- 
ing to 30 ke on the 1000 mv range. $750.00 





I~ EKEITHLEY INSTRUMENTS. iM C. 


12415 EUCLID AVENUE CLEVELAND GC, OHIO 
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Electrical Gas Discharge 


This article starts on page 90 


charge would probably be competitive 
with radioactive sources and accelera- 
tors. Moreover, no radiation hazards 
would be present 

The microwave unit might be rather 
similar to those used for linear acceler- 
ators; powers of the order of 10-100 kw 


| 
are already feasible. Some _ low-fre- 
quency electrical-discharge arrange- 
ments are described in the patent liter- 
ature (/¢ The reduced pressure 
generally necessary would not be a 


considerable drawback since pumping 











work is not large compared with total 
cost and, moreover, McCarthy (8) has 
found it possible to extend the discharge 
process to atmospheric pressure if it 1s 
initiated at a lower pressure 
=, The cOMparisons considered here 
S apply to gas-phase reactions Dis- 
& charge-re iction | roducts howeve! can 
~ be brought into contact with liquids, 
s lor example | bubbling the gases 
E through the liquids (17). 
9 
om * * * 
= Th mal sented he has been ve 7] 
cs 
> briefly publish the Swedish language (18). 
~ The author is grateful to Mr. H. Lindroth of 
> this D 810 ‘ V B. Enande of the 
= Microwave D f this Institute for value 
= al 3 
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SCIAKY ELECTRON BEAM WELDING 


Here’s how you can combine precision research and 


practical production electron beam welding in one equipment installation 


Whether your interest in electron 
beam welding processes is for highly 
precise research or practical produc- 
tion work—or both—your data 
should be complete with details on 
Sciaky machines. They are most 
simple and practical in concept and 
operation 


GUN DESIGN GIVES EXCEPTIONAL 
ELECTRON OPTICS 


The Sciaky Electron Gun produces 
specific beam density previously 
possible only with accelerating po- 
tential higher than 100,000 volts. 
The Sciaky gun, entirely contained 
within the atmosphere of the weld- 
ing chamber, will operate in any 
angular position. Both gun and fix- 
ture can be moved to any position 
within the chamber while welding. 





Advanced focusing design results in 
electron beam welds of 12 to 1 depth 
to width characteristics. Figure 1 
shows a deep penetrating butt weld 
in type 304 stainless steel. Plate 
thickness is .5”. Note lack of heat- 


affected zone 


GUN AN INDUSTRIAL TOOL 


The gun construction is simple and 
rugged. Precise alignment is inherent 
in design, and is not dependent upon 





SCIAKY BROS., 
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assembly adjustments. If necessary, 
filaments can be easily and quickly 
replaced in less than five minutes. 
As shown in Figure 2, the Sciaky 
Electron Beam Gun is small and 





Figure 2 


compact. A simple spacer arrange- 
ment optimizes gun optical system 
throughout a wide range of output 
power without compromise of spe- 
cific beam energy. As a result, the 





Figure 3 


Sciaky gun is optimized at current 
ranges of 250, 150, 100 and 50 MA. 
at 30,000 volts. Output power is 
continuously adjustable within each 
range. 


EFFICIENT PUMPING SYSTEM 


Evacuation of chamber to welding 
pressure is obtained within 3 to 10 
minutes, depending on chamber size. 
Pumping sequence is fully automat- 
ic, and without any manual adjust- 
ment. Automatic safety devices in- 
sure trouble-free operation and full 
protection of system. 


RADIOLOGICAL HAZARDS ELIMINATED 


Low voltage (30,000 v. maximum) 
and highly refined chamber design 
eliminate x-ray hazards to operator, 
which are a severe problem with 
higher voltage equipment. As a re- 
sult, the Sciaky low voltage system 
needs no costly shielding, even when 
welding at highest output. 








Figure 4 


As shown in Figures 3 and 4, com- 
plete accessibility and visibility are 
provided by this latest Sciaky de- 
sign. All sequence controls of the 
dial feed unit (Figure 4) are fully 
automatic. This production unit is 
being used to weld end-caps to tubes. 

Regardless of your specific area of 
interest, you'll find the Sciaky com- 
bination of welding experience and 
electron beam technology is well 
advanced. Sciaky is “Exclusive 
Licensee under Stohr, U.S. Patent 
2,932,720. 


Please write for information — without obligation, of course! 


INC., 4944 WEST 67th STREET, CHICAGO 38, 


ILLINOIS ¢e PORTSMOUTH 7-S600 
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TRADE-MARK 


SCINTILLATION | Ozone Analyzer Uses 
PHOSPHORS | Radioactive Clathrate 


AlphanaphthyIphenyloxazole, ANPO: A 
Band-Shifter or Secondary Solute, for Liquid 
Counting—Fluorescence Max. 4050 A By CARLTON O. HOMMEL, DAVID CHLECK* and FREDERICK J. BROUSAIDES 
Diphenyloxazole, DPO or PPO: A Primary pe ae 
Solute, for Liquid Counting—Fluorescence Tracerlab, Waltham, Massachusetts 
Max. 3800 A 


POPOP: A Band-Shifter or Secondary So- 
lute, for Liquid Counting—Fluorescence 

















Max. 4200 A Ozone concentration can be measured f An important disadvantage is 

p-Terphenyl: Least Expensive Primary So- Vy running a gas stream over a Kr - that th tem re pond to bore d 

8 for —— = _— Counting ontaining quinol clathrate (J) and contaminants and dust. 

uorescence Max. .- y é . . 1 

T alan TPB: F observing the amount of radioactivity A method newer than the better 

etraphenylbutadiene, : or use it . 2 : 

p-Terphenyl in Plastic Scintillato released We have developed a de- known three is that of the Goodrich 

> renre 20) J ° . . - 

Fluorescence Max. 4320 A tector based on this principle and find Ozonometer which has great 

Cadmium Propionate, anhydrous: A Highly that it has many advantages over con- sensitivit parts per billion It de- 

Efficient Neutron Captor—Cadmium Con ; ‘ : 

tent: 43.5% ventional ozone analyzers. It is rug- pends on thi racking of stretched 

Available from stock—write to Dept. ‘'K"’ ged, portable and inexpensive. It rubber by the action of ozone 

for free booklet on these products. ontains no solutions With a specific None of t e methods is suitable for 
—_—_—_—__ utivity of 1 curie/gm the instrument field use e they depend on liquid 

Sales Agents in N.Y.C., Chicago, San Fran Vil detect 0zo ie conce ntrations In the ipbsorbants, const it-potential su les 

cisco, Basle, Mexico City, Rotterdam, Milan Be a ca il) ; A; ie Ae TI iE 

London, Copenhagen, Paris, and Sidney parts per ten Dillon range Or smanel and bulk LLLOT ICS here tS POET 

It is appropriate for either batch or been a need fora portable, light, rugged 
CONTINUOUS ANALYSIS and specific OZONeC ANNIVZCTI 


ARAPAHOE CHEMICALS, INC. Ozone Analysis Our Apparatus 


DER, COLORADO 





PRODUCERS OF FINE ORGANIC CHEMICALS In the past there have been three Into our ozone detector ail iden 
principal methods for measuring ozone with ozone and water vapor, is pulled q 
concentration In one method the gas by a pum] through a drier that . 
stream is bubbled through a solution of tains Linde Molecular Sieve No 
potassium iodide, which is oxidized to $A (‘46-in. pellets Fig. 1 After 
release free iodine ?). The iodine water vapor is removed, the ozone- 
is measured by thiosulfate titration o1 ontaining air stream enters a 
oloru I ietiy re t bed where tl ! 
\ fluorescent method uses either th reacts and releases K1 The kryptor 
lation of a fluorescent substance Is swept [rom the bed into tl 
ike fluorescene) to a nonfluorescent stream and enters a detector that 
me or the oxidation of a nonfluorescent ontains a G-M tubs Decaving k 
substance lor ¢ xample, dihydroacre- ton atoms ar ounted with er or 
dine) to a fluorescent one (3). ratemeter Velocity of the au 
\ third method uses the absorption is controlled by a flow valv: 
of visible or ultraviolet light by ozon The detector, a Tracerlab TGC-6 


= G-M tube, is thin walled (301 


" } 
ii’, wi ind filled with argon and an orgar 


This Editor Walthar Ma (jue nching gas he tube is en sed 
Must Be Replaced! 








If you are an engineer or 
scientist with nuclear expe- 


rience in the areas of radiation 

and instrumentation, and would ls | 

like to write about the exciting 
world of nucleonics , . . send 

a resume and salary require | Air | L 

ments to: EDITOR FE cs ce Mt 








NUCLEONICS ir. 


330 WEST 42nd ST., NEW YORK 36, N.Y. FIG. 1. OZONE ANALYZER dries air and passes it over Kr*°-containing clathrate, 
Ozone attacks clathrate, releasing Kr*® to produce signal in G-M tube 
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HIGH SPEED 
DATA PROCESSING 


RAYTHEON’S NEW A-D CONVERTER: UP TO 5.0 x 108 
INDEPENDENT 8 BIT WORDS PER SECOND! 


Faster than any other available, Raytheon Analog-Digital military a basic, solid state tool that revolutionizes the 
Converter’s 25-nanosecond aperture time allows digitizing present state of the art. 


of pulses less than )4-microsecond in width. With multi- All of its outputs are usable, every readout is valid, and it 
. ’ - - ? > 


can be operating in your system in less than 90 days. 
process requiring digitized analog voltages in continuous 


or intermittent form. MAIL COUPON TODAY FOR BROCHURE 


lexed input, its applications encompass any product or 
I PI if y | 


Name & Title 
RAY T H E O N _ te O M PA N Y Company 


Address 
City & State 





About the size of an office typewriter, Model AD-50A is | nen a ss 31, Lexington 73, Massachusetts | 
readily integrated with established systems: its flexible de- | Please mail me Specifications on: | 
sign allows acceptance of variable input as well as wide | () Model AD-SOA 8 Bit Converter | 
; Pa | (© New 10 Bit, 1 megasample Converter | 

variations in output format and logic. Its almost unlimited : ; ee: ’ 
as ' | I'm interested in possible applications to the following type system(s): | 
systems applications offer industry, government and the | | 
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Ozone Analyzer 


This article starts on page 94 


Monitoring Systems a ihn of a 


size that the volume between tube 


DESIGNED, BUILT AND BACKED BY (777 INDIANAPOLIS. IN and chamber is 50 em* : 


Reaction Bed 


The Ki atoms are completely 
contained in the clathrate of the reac- 
: tion bed unless the forces that bind the 

quinol crystal together are overcome 
What is your radiation monitoring problem? Airborne particulates ... gaseous or liquid | ;¢ Ozone oxidizes quinol to quinone 
radiation .. . or gamma area radiation ? NMC equipment can monitor any one or all with 
individual units or complete systems. The system shown here presents data at each 
station and on a control room follow meter panel. It warns of caution and alarm levels; C.H.(OH Kr +O 
can even operate emergency controls. C.H.O HO Kr 


to liberate the krypton 


AIR MONITORS We have used clathrates of two spe- 
NMC air monitors offer many exclusive advantages. For 
example, Model AM-33R shown here detects and identifies | __ 
long half-life emitters directly, almost immediately, with one Phe finishe 
detector. Other monitors require five hours or more for powder, seal din a small glass tube 
identification, due to the natural radon progeny. The four lod | f the fl 
Other Models NMC models are ind coupled to the rest of the flow sys- 
from $2,480* sees tem with flexible Tygon tubing Re- 
MODEL CHANNELS FILTERS ACTIVITY DETECTED ‘ a fi tate oe 5 

AM-2A 
AM-3A 
AM-22R 
AM-33R 


cific activities, 0.1 ¢/gm and 1.0 ¢/gm. 







AM-33R 


Air Monitor lathrate is ground t 
$6,580* 


,a 


placing the hrate consists erel) 
Fixed a, By ory placing tl ithrat onsists In merely 


Moving a, By or y emoving th plece of glass tubing and 
Fixed a and By Shows ratio of 8y/a | substituting a fresh one 
Moving a and Sy Shows ratio of By /a We have never exhausted a clathrate 


ow- — 





of its Kr* ilthough some have been 
FLUID MONITORS used constantly for several months 


The NMC fluid monitoring system detects radioactivity in | After long exposure to humid air, how- 
gas or water at MAC levels. Used with an NMC air monitor, | .\-,, sensitivity is somewhat de- 
it measures activity of the gaseous component of the dis- ; 
charge from the air monitor. Contamination and a separate | “T* ased 
pumping system are eliminated by employing the air pump- | obvious changes in the appearance of 
ing system and filter mechanism of the air monitor. The 
fluid system includes the FMS-1 shield with 30 liter sampling : 
chamber, and two detectors—GM or Nal scintillation—oper- | black and 1s visibly wet 
Fluid Monitoring ating in parallel; the LCRM-2M logarithmic count ratemeter 
Systems from with built-in bell and alarm lights; and portable EA graphic Testing Procedure 
$3,580" recorder. 





This is accompanied by 


the clathrate; it turns from brown to 


We have tested our instrument by 


FOLLOW METER PANELS making ozone n a generator that 


operates with a4 sient electrical dls- 
Each monitoring station can be connected to a follow meter OPETAl : ectrical d 


panel in the central control room with inexpensive un- | charge in dry all To calibrate th 
shielded standard electric code wiring. There's a meter for | penerato) passed its output into a 
each station to show the radioactivity being detected, and 
lights to indicate caution and alarm levels. The bell sounds 
for an alarm condition at any station. Multipoint recorders | for liberated iodiin Thus the amount 
Panel Size: | 19” x 10%” and remote emergency controls may be connected to the 
panel. 


potassium-iodide solution and titrated 


of ozone in the air leaving the generator 
was known as a function of applied 
transiormer potential 
AREA MONITORS ‘ 

Since the performance of the gen 
Each of the four GA-2 units shown here is a complete a, i ; Saye 
monitoring station that indicates and reports unusual or | “@tor could not be measured chem! 
excessive gamma radiation. It mounts on the wall and wires |in a reasonable length of time for 
to any 110-volt circuit, eliminating the central power supply | transformer settings less than 100 volts 
required by other systems. Each GA-2 has an amber and 
red light, bell, indicating meter, and complete alarm system. 
Units readily adapt to a complete system. They connect to | ozone is evolved, we have made our 
follow meters and graphic recorders; are interchangeable 
without the usual installation matching and calibration. : 
They are not sensitive to temperature, line voltage changes | Settings r} irves that relate trans 
or external electro-magnetic radiation. The amber light is | former settings to ozone concentration 
also a fail-save device, signaling component failure. An 

our GA-2 Gamma Alarm Units auxiliary power supply for each GA-2 is available. 

$595 Each e Size: 12” x 15” x 8%” To make a test we adjusted the 


*All Prices fob, Indianapolis + For full details, write, wire or phone collect—LIBERTY 6-2415 generator to give a constant supply of 
air of known ozone concentration and 


hecause of the mail rate it wh h 


alibrations in terms of transformer 





are shown in Fig. 2 


passed the stream over the clathrate 
at 50 cem*®/mi Counting rate was + 
determined at 1l-min intervals until it 


INDIANAPOLIS became constant The test was re- 


Nuclear Measurements Corp. NMC 
2460 N. Arlington Avenue - Indianapolis 18, Indiana 


Inte t i! Office: 13 E. 40th Street, iNew York 16, N.Y. 
peated Ove! a range ot generator 
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FIRST 
WITH TWISTED FINS 
BERYLLIUM TUBES 


PECHINEY 
hy ne. 







A MILESTONE IN BERYLLIUM 4 
TECHNOLOGY 


PECHINEY aims at supplying the Nuclear industry 
with the very best products. 

Graphite, beryllium, beryllium oxide, niobium, zirco- 
nium, thorium, key materials in the nuclear field 
are available pure, alloyed, machined. 


Apply for literature. 


PECHINEY 


Division “Applications Atomiques et métaux spéciaux”. 
23, rue Balzac - PARIS 8° - CARNOT 54-72 
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Are your 
nuclear advisors 
hampered by ties to 
equipment manufacturers? 


Reyardless of the nature of a nuclear 
energy project, its successful accomplish 
ment requires competence, dedication, 
and complete objectivity. Internuclear 
Company — staffed by independent special- 
ists whose talents are not confined by a 
parent organization manufacturing nu 
clear equipment—is uniquely qualified to 
provide this impartiality for your engineer 
ing, design, or consulting requirements 


‘The wisdom of choosing Internuclear’s 
unbiased viewpoint has been proved on 
many important assignments throughout 


the free world ... for such clients as the 


United States Atomic Energy Commission, 
Danish Atomic 


Italy's Societa Elettronucleare Nazionale, 


Energy Commission, 


Nuclenor (the Japanese Atomic Energy 
Research Institute), Allis-Chalmers, 
Babcock Wilcox, Flectric, 
General Motors, Phillips Petroleum, and 


Westinghouse 


ind General 


Internuclear 


assistance is available for 
limited issignments in specified areas or 
for entire programs. Complete consulting 


all fields of 


application are also offered. 


and engineering services in 
computer 
Write for brochure. 


nuclear engineers and consultants to the free world 





Representative: 1625 Eye Street, N. W 
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777m iHTROLITE CORPORATION 


Washington 6 


HEADQUARTERS 

7 N. Brentwood Blvd 
Clayton 5 

Missouri 

PArkview 7-2668 
Cable: INTERNUC 
8-1253 


D. C., MEtropolitan 





Ozone Analyzer 


This article starts on page 
7 
€ chemical analysis 
in* Fs 
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FIG. 2. GENERATOR CALIBRATION shows 


ozone concentration vs. potential 


settings from SO to 120 volts and then 
repeated with the output of the 
erator diluted in a hundred-to-one ratio 


gyen- 


with pure air 
To observe stability we ran 


concentration of ozone over the 


stant 
clathrate for 2 hr To watch re- 
covery we turned off the generator and 
followed the counting rate for another 
15 min as it declined 
Response 

Our tests show that the instrument is 
fast, sensitive and specif When 
ozone strikes the reaction bed, krypton 
is released immediately and the count- 
ing rate rises sharply from background 
and then levels off at a constant value 
Fig. 3). The buildup time may be in 
part due to ozone buildup in th 
generator; no attempt has been made 
to form an ozone concentration before 
applying it to the clathrate Recent 
developm«e nt has decreased the ig sO 
that the instrument will follow varia 
tions in ozone concentration within 2-3 
min 

Sensitivity. The system has better 
sensitivity than other ozone-analysis 


instruments because it depends on the 


counting of radioactivity For ex- 
ample the limit with potassium iodide 
appears to be 0.1 ppm. We feel that 
our eventual limit Is a lew parts in ten 


billion. 


Figure 4 shows calibration curves for 
the detector operating with both 
0.1 ¢/gm and 1.0 e/gm clathrates. 
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Measuring News from ¢ 





NEW WAY TO MEASURE MILLIVOLTS 


aboard ship, in the lab, on the production line 


A faster, more precise method for making low-level 
DC voltage measurements is now provided by Non-Linear 
Systems, Inc., for scientific, industrial and military applica- 
tions. The new, single-package NLS V60 Digital Milli- 
voltmeter is a full 4-digit instrument that averages 80 
measurements per minute for such applications as strain 
gage and thermocouple measurements, calibrating milli- 
volt devices, process monitoring, and semiconductor 
research and testing. Because it’s a digital voltmeter, the 
V60 can be read at a glance from close or afar in total 
darkness or sunlight, without parallax error. 

The V60 features +0.01% precision (ability to 
repeat readings within close limits) —a degree of 
precision unattainable from pointer meters, strip chart 
recorders, or combination of a digital voltmeter and pre- 





DEL MAR, CALIFORNIA 
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amplifier. Accuracy is +0.1% of reading or +10 micro- 
volts. Range is +00.01 to +99.99 mv. A scale factor 
control allows the V60 to display its readings directly in 
units of pressure, weight, length, strain, stress, speed, etc. 
Input impedance is 10 megs at balance. Input terminals 
are completely isolated from ground, making AC and DC 
common mode rejection extremely high. 
Please contact NLS for additional information on 
the V60 or any other NLS digital voltmeter. 
V60 complete $1,625 


moots Web pncirhg wiWOLTMETER 


oe 
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non-linear systems, inc. Originator of the Digital Voltmeter 
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Ozone Analyzer 


WHY ANTON NEUTRON CHAMBERS This aril starts om page 9 
CAN STAND UP TO HEAT, i 


e <x iia 
VIBRATION AND SHOCK a ol 
| 
latest Anton | at | 4 
an ast leicel anal) daelaniciabechelelamm@lelsiac f 
chambers meet requirements Vl a | | 
bration and shock. oO | 
YUNT fixes alcan onatcl eel elsi ans ments ¢ } a | 
ceramics. The self aligr r | 
precisely positioned < - | } 
3—Exact electrode spa = | 
spacers. 4—An TI ’ 
Tesiialeisemeles@-1a@-1an 4-110) ® OTe) alal- end f \ 
nnectors (wate ! 


FIG. 3. RESPONSE rises rapidly as device 
is exposed to ozone, falls rapidly as ozone 
generator is turned off 


The dotted portion of the 0.1 

curve is extrapolated, but recent 

ANTON ELECTRONIC LABORATORIES IN( experiments reaching an ozone con- 

=’ 2 Boeke centration of 5 & 10°"! by weight ver- 
} A ; \ 4 4 I 


i ify the extrapolation. Thus a count- 


ing rate of 100 cpm corresponds to an 
ozone concentration of 5 * 10 Dy 
weight 

The few <perimental points with 
the stronger clathrate show counting 
rates lor a given ozone concentration 


about twice as great as those with the 


weaker om lt iew ol the lope ol 
the curves, this suggests a sensitivit\ 


to ozone bout ten times as great tor 


one as tor the other Comparison of 
the results with the two clathrat 
strengths suggests a ;-power response 
to both ozone centration and ith- 
rating efficie: Clathrating eff 


determines the concentration of Kr* 
in the cages on the surlace 


Specificity. The relatively large 


negative value of the oxidation poten 
tial of the quino quinone couple means 


that only strong oxidizing agents such 
as ozone, nitrogen dioxide and chlorine 
dioxide will release krypton. Thus the 
device can be made more specific than 
presently used techniques for ozone 
analysis. It is impossible for many 
airborne contaminants (SO»., NO, ete. 
to react with the clathrate Thos 
that do can be readily removed from 
the air stream by other means. For 
example the lathrate responds to 
water vapor in the air because wate 
dissolves the cage walls. But Molec- 
ular Sieves block the water and 
quantitatively | iss the ozone. 


Continued 
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FOR THE NUCLEAR SCIENTIST 


INSTRUMENTS 


NE 8421 Radio-Iodine Environmental Monitor illustrated (I), fully transistorized and 
suitable for vehicle borne monitoring and safety surveys on other health physics 
problems (as with Plutonium). The enhanced differential reading allows quantita- 
tive measurement of Radio Iodine™* even in the presence of strong competing 
gamma radiation from other iodine activities. 





NE 8105 Lean/Fat Radio Equipment on Live Animals or carcasses determines 
K® in lean meat or Cs" fall out contamination separately, Installed at Depart- 
ment of Agriculture, Bethesda, Maryland. 


NE 8102B Human Body Radiation Monitor permits detection of a 3 x 10-°C body 





burden of Ra” in a steel room, One of several designs installed in Australia, 
Canada, Great Britain and Germany 
Environmental Monitor UNIVERSAL paeeat ION 
DETECTORS SHIELDED ROOMS PHANTOMS 


SCINTILLATORS 


NE 102—This outstanding plastic scintillator is available in any size or shape. 
Slab units for accelerator and Cosmic Ray Studies, Thin Sheet for beta particle 
counting, Phosphor Well Counters, Continuous Capillary Flow Counters for ef- 
ficient reproducible counting of alphas and betas in gaseous, aqueous or alco- 
holic solutions. Fine Filaments for (1) Solid Scintillation Chambers for record- 
ing nuclear tracks, (2) Directional Neutron Detectors, (3) Tracer counting of 
aqueous solutions, (4) Image Intensifying Bundles. 


NE 400, NE 401, NE 402 Thermal Neutron Detectors providing excellent dis- 
crimination against gamma rays (Bulletin 13). 

NE 404—Fast Neutron Detectors based on photon recoil detection—all units com- 
plete with reflectors 


wy “ NE 450—Fast Neutron Hornyak Button type with rr dispersed in trans- 
Human Body Radiation Monitor parent plastic medium in optimum proportions (Bulletin 1 








550 BERRY STREET 
WINNIPEG 21, CANADA NUCL ie 


Assoc: N.E. (G.B.) Lid., TERPRISES LTD. 


Edinburgh 


























These securities having been sold, this announcement 


appears as a matter of record only 


Packard Instrument Company, Inc. 


100,000 Common Shares 


(No Par Value) 


Copies of the Prospectus may be obtained on request from any of the several 
Underwriters, including the undersigned. 








“You've certainly grown in stature, 


Chief, since becoming a NUCLEONICS | 





WEEK subscriber.” 


RBM, Ankara 


A. G. Becker & Co. 


Make a date this week with . ae Incorporated 


NUCLEONICS | 
Walk Ses | oe 
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Kearfott Uninterrupted Power Systems... Ozone Analyzer 


This article starts on page 94 
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TWO ELEMENT UNINTERRUPTED POWER SUPPLY : [___Counting Rate (10%cpm)_ 
BATTERY FIG. 4. INSTRUMENT CALIBRATION indi- 


cates linear response and potential sensi- 


Typical applications: Nuclear Reactors = Power Distribution 
« Digital Computers « Process Control» Communication Systems Even though the present d 


Kearfott Uninterrupted Power Systems are vital in applications To obtain a response with reducin 
where any interruption in AC power can cause serious loss or gents, for e, one first causes 
delay. These continuous power systems, which can be tailored them to react with sodium chlorit 


to a variety of requirements, put an end — once and for all — NaClo hich quantitatiy r 
to the problem of varying or intermittent prime power. wane vient 








In one representative system arrangement, an AC generator Other Fe ot ee we de . cted > Our i. 
is driven by a DC motor which derives power from a regulated iboratory by these means include sul- 
rectifier in parallel with a long-life storage battery. When power i dioxid lrogen sulfide, nitric 
fails or varies the rectifier, which normally supplies power to ide, nitrogen de, chlorine, cl 
the DC driving motor, is disconnected and the battery provides rine dioxide and hydrazene, 1 
surge-free power to the motor—in zero time. When prime power ther application of the pru 

is restored, the system automatically reverts to standard op- ghost 
erating conditions and the battery is restored to readiness by 
the main battery charger. 





Also available in 2 and 3 unit systems operating in parallel with 
or isolated from the line, Kearfott’s compact uninterrupted Pega ee — 
power systems also provide audible and/or visual alarms to ‘EC. Th ere tid to enya the 
indicate over- and under-voltage, overload or ground condi- ne sige cage eae “agama 
tions. a Seer ae 
Generator ratings to 
150 KVA 60 and 400 cycles, 





single and polyphase. [sotope 7 )), MucLEoMce 39, N 
Frequency, voltage, and Shon 24, ; > 
transfer regulation as pala: ee oF: 
required by the application. Konestantis gg 
I 8, 7 } 
For complete data on the wide variety of arrangements available, write to: Siaine Maange ga 
J. Resea S lards 62, 
KEARFOTT DIVISION 0. Troy, a7, 1217 (1955) 
D GENERAL PRECISION, INC. ~ 
cH beg ne Soc. 66, 
Little Falls, New Jersey 83 
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This 


Editor 
Must Be 
Replaced! 


[f you are an engineer or 
scientist with nuclear expe- 
rience in the areas of radiation 
and instrumentation, and would 
like to write about the exciting 
world of nucleonics . .. send 
a resume and salary require- 


ments to: 


EDITOR 


NUCLEONICS 


330 WEST 42nd ST., NEW YORK 36, N.Y. 
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ANOTHER | 
ULTRASONIC 
FIRST... 

THICKNESS GAGING 
WITHOUT CONTACT 


Tube scanner for 
VIDIGAGE® thickness 
gaging without contact 


Thickness gaging by means of the ultrasonic resonance 
technique can now be accomplished by immersion with- 
out contact. This is extremely advantageous because: 


@ it eliminates transducer wear 


®@ maintains uniform coupling of energy between trans- 
ducer and work surface (this in turn makes the test 
more reliable!) 


e avoids possible damage to work surface caused by 
transducer contact 


e@ substantially increases inspection speeds 


When the water column is of sufficient length the 
VIDIGAGE® does not respond to the water resonances. 
As a result the resonance thickness of the work piece 
can be detected by itself on the VIDIGAGE screen. 


In order to take full advantage of this immersion system, 
the VIDIGAGE had to be modified. The modified 
VIDIGAGE then surpassed all expectations, especially 
in the gaging of small diameter, high accuracy tubing. 


This development is another in the long line of 
BRANSON engineering break-throughs, which enables 
industry to solve its problems by means of ultrasonic 
testing. The next time you have a testing problem call 
BRANSON and see how fast BRANSON will find the best 
solution in the shortest possible time. 


RANSON || | 
INSTRUMENTS, INC. 


Uitrasonic Test Division 
144Brown House Road, Stamford, Conn. 
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Ricommended McGRAW- HILL hewke on 


nuclear science and engineering 


















1. NUCLEAR 9. NEUTRON CROSS SECTIONS 18. INTRODUCTION TO 
ENGINEERING Presents a wealth of neutron cross section data NUCLEAR ENGINEERING 
HANDBOOK affecting reactor design. Prepared by . Ss. Engineering techniques for solving problems in 
ee: Atomic neceer Comm —D. J. Hughes and J. A. the nucl rey | ld. By R. Ste 
- Ss cove ear m2 ¢ ae ucica nerey wilt phenson, 
elie auaimeriaa’ sock eee Brookhaven Natl. Lab. 328 pp., illus., NY U. 2nd Ed. 491 pp., 227 illus. and tables, 
niques, and reactor design = 99. 
data in one comprehensive 
rt el ee ie 10, REACTOR HANDBOOK—PHYSICS RADIATION BIOLOGY 
Co. 1870 pp-, 1258 illus. and 4 compilation of reactor physics and nuclear A comprehensive 3-volume reference Ed. by 
tables, $25.00 design data, including shielding theory and cal- A. Hollaender Oak Ridge Natl. Lab., under 
culating tech Prepared by U. S. Atomic auspices of Natl. Academy of Sciences and Natl 
A.S.M.E. NUCLEAR REACTOR PLANT DATA Energy Comm " 804 pp., illus., $12.00 Research Council 
Useful data and other information on most of —= 
the world’s nuclear reactor plants. Compiled by 11. NUCLEAR CHEMICAL ENGINEERING oO TR. ORSNRENy HANNSS 
‘he Technical Data Committee of A.S.M. Neciied tcccmaibae saesicile 5 miniteatads ; 2 parts. 1201 pp., 214 illus., $20.00 
2 volumes. i I ne Tie 1 anc 1a ia in 
formation for solving the chemical engineering 
problems of nuclear reactors. By M. Benedict, = 29. Vol, II—ULTRAVIOLET RADIATIONS 
P Mass. Inst. of Tech., and T. H. Pigford, Univ. ‘ " 
2. Vol. | OWER REACTORS of Calif. 602 pp., 166 illus., $11.00 559 pp., 160 illus., $9.50 
Pertinent administrative and design data on 
electric power reactors. 128 pp., 31 illus., $3.75 
21. Vol. III—VISIBLE and NEAR-VISIBLE 


12. NUCLEAR ENGINEERING 


LIGHT 
3. Vol. II—RESEARCH AND TEST REACTORS 13 experts provide special engineering method 
und pr les for meeting today’s nuclear pov $41 pp., 174 illus., $11.50 


























Full information on 95 domestic and foreign design problems. Ed. by C. F. Bonilla, Columbia 
research and test reactors. 297 pp., 98 illus., Univ. 841 pp., 272 illus., $12.50 
$7.50 22. RADIOISOTOPES IN 
BIOLOGY AND AGRICULTURE 
4. NUCLEAR TECHNOLOGY 13. MATERIALS FOR NUCLEAR REACTORS Practical facts and methods for successful bio- 
FOR ENGINEERS Examines the tomic fuel cycle covers all logical ra research. By C. L. Comar 
. : vital materiais and processing steps which are Cornell Univ 481 pp., 83 illus., $11.00 
Panasiont guidance for engineers and technicians combined te duce fuel elements. Ed. by 
working in nuclear energy. Treats radiotracer B. Kopelma 3 ) ‘ 17 
technology, radiation, fission and fusion, et illus opelman, Beryllium Cop. SP wp. ' 23. ISOTOPIC TRACERS IN 
+ Pe H. Ellis, Nucleonics. 282 pp., 119 illus., BIOCHEMISTRY AND AGRICULTURE 
14. MODERN NUCLEAR TECHNOLOGY C ~~ te oe Os ay er Secu ec, ane 
data on ¢ act isotope photo “le 
5. NUCLEONICS FUNDAMENTALS 18 distinguished contributors survey important synthesi i By J. Sacks, Univ. of Ark $83 | 
Offers a broad view. of the field of  nuclea ret omen ane Me gon ci a oe ie S., Te 
physics and engineering—accomplishments, ap aS yer ac ipe appication arety ts 
etc. Ed. by M. M. Mills; A. T. Bie hi ‘end 
aa oe Ts BY Sb iss R. Mainhardt, Aerojet-Gen. Nucl. Coord. by 24. NUCLEAR RADIATION DETECTION 
illus., $9.50 R. J Jaffe, Aerojet-Gen. Nucl 342 pp., illus., ies ae = se eosilst ‘gust ie q- 
with modern cting equipment By W 
Price, A Force Ins c ech. $82 pp 20% 
6. REACTOR ANALYSIS a i 
Math sill aieae — : 15. REACTOR SHIELDING 
athematica reatment of neutron chain reac = 
tor behavior covering physical concepts and DESIGN MANUAL 25. RADIATION Pe ; 
analytic methods. By R. V. Meghreblian, Jet Shic design pr = ‘nated muctieodie HYGIENE ‘ 
Propul. Lab., Calif. Inst. of Tech., and D. K for solving ti Bs r. Pwo Mn Ill, U. § 
Holmes, Oak Ridge Natl. Lab. 832 pp., 202 Atomic Energy Comm 481 pp., 269 illus., $7.50 HANDBOOK 
illus., $19.50 ‘ 
. p actica ! ence co 
ing th ] al, medical 
7. IONIZATION CHAMBERS 16. CONTROL OF NUCLEAR REACTORS and research uses of radia- 
AND COUNTERS AND POWER PLANTS Incl — “3 elP-ver, 
hcimcae ae i applications 
Discusses operating principles of ionization Just Published- 2nd Ed. Emphasizes servomech » the field of health, ph 
chambers and counters, detection techniques anism arious type reactors—lrom : ind “¢ ait hag ey 
and development of various detectors. By B. B. homoger boiling reactors. By M A. sanita eng cring Ed. 
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2 F pp., 341 illus., $12.50 of Medicine 926 pp 269 
illus., 213 tables, $27.50 
/ ee een 17. NUCLEAR POWER ENGINEERING 
Detailed descriptive material and data on repre- 26. MATHEMATICAL HANDBOOK FOR 
sentative types of United States research reac- A basic guide to the physics, design materials SCIENTISTS AND ENGINEERS 
tors. For each type, the book covers design economic and operation of nuclear power 
features, core design and fuel handling, contro! plants. By H. C, Schwenk, H. Pratt Co., and Fast reference to mathematical facts, formula 
and_ instrumentation, and operation. Prepared R. H. Shannon, United Engrs. and Const. Inc and methods vital in engineering and science ap 
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illus., $6.50 illus., $7.50 T. M. Korn. 943 pp., 110 tables, $20.00 
sz EXAMINE ESE OO McGraw-Hill Book Co., Inc., 327 W. 4lst Street, New York 36, New York, Dept. NU- 
| FREE FOR 10 DAYS * 1 7 13 20 Send me book circled at lett to ] da cxamination on ¢ 
approval In 10 days I will remit for book I keep plus 
few cents for delivery costs, and return unwanted book(s) post | 
| 2 K 14 21 paid We pa delivery cost { you remit th th coupon 
sh to re- Same return privilege 
if you wi 
CHECK tonal F sctailed information on 3 9 15 22 | + 
ceive additiona f interest 4 Name 
| topics in your a ” 4 10 16 23 | 
list subjects — 7 24 — | 
3 SS 5 11 1 rel as ms 
| er, 6 12 18 25 Company | ° 
| 19 26 Position | 
NU-5 
Is eis nie deh ni i an ee ae 
104 May, 1961 - NUCLEONICS 


















SPRING 


BOOK 


ROUNDUP 





Vol 


the editors ol 


Y 
Cul 


energy 


re id ng the 


\s o1 


; ri? 


{ 
ol 


rticles, theses 


19, No. 5 - May, 1961 


i¢ who 


eading, 


8) the pic- 
urrent, and 


nuclear- 


review 





4 @ = AMOI, WOLIVIE TWH 


105 Authors, Readers and Publishers 


106 What's on the Scientists’ Bookshelves? 


109 AEC Technical Information Services 


1 


Keeping Up with Foreign Nuclear 
Literature 


113. A Nuclear Book Review 


114. New Books for Your Bookshelf 


Authors, Readers and Publishers 


ALVIN M. WEINBERG, Oak Ridge National Laboratory, Oak Ridge, Tennessee 


journals, abstract journals, newsletters, 
newspapers, 
sheets 
of verbiage to solid accomplishment in 


magazines—-even tip 
is worth reading? The ratio 


nuclear energy has, in my opinion, ex- 
For exam- 
ple, I don’t think that every publisher 


need have his own nuclear-energy 


ceeded what is reasonable 


series; or that we need in America three 
nuclear newsletters; or, for that matter 
three highly-technical nuclear-energy 
journals in English. We are being 
snowed by a torrent ol printed nuclear 
words. 

The bad effects of this outpouring 
First, I think that, on the 


whole, insufficient time and energy 


are many. 


not to say competence goes into the 
supposedly serious nuclear-energy liter- 
ature. There are more publishe rs who 
sniff money in the nuclear publishing 
business and who want nuclear-energy 


books than there are competent authors 
to fulfill the demand. Under the cir- 
cumstances the time and care and 
patience required to produce first-rate 
scientific writing is too often absent. 
One publisher explained to me that 
every technical book today has a 
guaranteed sale to technical libraries 
many of them supported by govern- 
ment money) of about 3,000 copies. 
Is there much incentive for excellence 
when the market will accept everything 
good, bad, indifferent? 

With so much of the literature written 
on such a vast scale, what is written 
doesn’t really get read. The usual 
give-and-take of science in which each 
scientist who has something to say says 
it publicly with the expectation and 
right to be refuted if what he says is 
nonsense—this is giving way to an 
inevitable kind of neutral [-don’t-care- 


105 


ism. I-don’t-care science is the sure 
progenitor of poor science. If what is 
written is not read—either because too 
much is written, or because what is 
written is not done well, or because 
people are out of the habit of reading 
then surely science will deteriorate. 

A recent personal experience with the 
book that Professor Wigner and I wrote 
on chain reactors bears out my belief 
that what is written doesn’t get read, 
and that therefore either too much is 
written or too little is read. Our book 
was first published in September, 1958. 
Unfortunately, there were all too many 
misprints and minor errorsinit. Since 
the book was printed, we have received 
lists of misprints sent in by attentive 
readers and critics. We had thought 
that all of the important slips had been 
noted. Imagine our surprise a few 
months ago, some two and a half years 
and many thousands of copies after 
“The Physical Theory of Neutron 
Chain Reactors” had been published, 
when we were presented with a brand 
new list of misprints and errors about 


wees SPRING BOOK ROUNDUP 


this case, out of many thousands of 
readers, there were only a few who had 
read the book fully critically, or who 
cared enough to complain to the authors 
about shoddiness in their product. 


The twofold complaint that I make 
about the nuclear-energy literature 
that there is too much of it, and that it 
doesn’t get read—is a trouble not 


unique to nuclear energy. Itis a trou- 
ble whi h affects all branches of science, 
and is at least in part caused by the 
enormous expansion ol science. How- 
ever, I think the trouble is compounded 
by over-aggressive publishers who try 
much written 
Whatever the 
what is written in science is 
the product of scientific 
activity is not subje ted to the critical 


to milk science of as 


material as possible. 
cause, i 
not read, if 
scrutiny of those competent to criticize 
something deeply essential will have 


been lost from science. 

In nuclear energy there is a factor 
that makes the situation worse. Nu- 
clear energy is largely publicly sup- 


ported, and it is surrounded by an aura 
‘ \s a result, writings about 





hu- 


Serious workers in 


over sc1ence 


clear energy certainly can use popu- 
larized accounts of what is happening 
[ myself enjoy reading 
But they 


the serious 


in their field 


NUCLEONICS WEEK. need 


more to study and 


little difficult 


even 
maybe a literature of 


nuclear enc rey 


There is an unwritten compact be- 
tween a scientific author and his reader 
namely, that the author has a re- 
sponsibility to expound the truth to 


the ultimate limit of his « apacit even 


if this requires harder work than he was 
originally prepared to put into his 
writing. If nuclear-energy authors re- 
main scrupulously true to this compact 
I think nuclear-energy people would 
be more incuned to read what the 
must—t I is literature of nuclear 
ergy. 
BIBLIOGRAPHY 
4. Wi s12,N 





| 
| 
For our readers who want to cut 











as long as the entire previous list, care- of glamor reading time and increase compre 
fully noted by a group of Argonne reac- _ nuclear energy often have a journalistic hension, we offer a booklet, ‘‘How 
tor students. I do not say that every quality that I believe intrudes on th To Cut Your Reading Time | 
purchaser of “The Physical Theory of _ serious literature. The line between To get a free copy, just write to | 
y ‘ . ” 1 , ze =ncour ament Prograr 
Neutron Chain Reactors” has an obli- science and journalism must be drawn — En — ment F : vy | 
; : ; ‘ ra _ ; : U 1, 330 42nd St Ne 
gation either to read the book carefully sharply and hard—otherwise journal- y N.Y ~ | 
ase | orK 30 
or to cull it for errors. Idosaythatin ism will tend more and more to take | 
What’ the Scientists’ Bookshelves? 
a Ie, 
at § On the Sclenttsts OORS/ELWES. 
With a thought to finding out what specialists in the ind more compact than later etitive texts 
nuclear field are reading, we asked those listed below to tell tains essentially the same material ‘at an equivalent 


us which nuclear books they reach for most frequen 
‘Methods of Theoretical Physics'’ vols. 1 and 2 by P. M. 


Morse and H. Feshbach (McGraw-Hill Book Co., New 
York, 1953 


their libraries and why. The answers are interesting and 


give an insight into some of the most important books 
published in these particular nuclear fields. 

These two volumes are mv bas reference 
Reactor Theory—Bernard |. Spinrad set when a physical problem requires me to seek 


mathematical background 


(He’s Director, teactor Engineering Diy Argo 
National Laboratory, Argonne, Ii! ‘Reactor Physics Constants'’ (ANL-5800 
‘Elements of Nuclear Reactor Theory’’ by S. Glasstone ie easlil Iie mupsistnas if T did wot Wat thie work q 
and M. C. Edlund (D. Van Nostrand Co., Inc., Prince- aie Aa deahinlin Gertie alicn mals wiih elhen benMieabes 
ton, N. J., 1951) obsolete. I also find that ANL-5800 has a salutary effect 
Although this is the oldest of the or texts in this on the report and reprint requirements of my offic é 
ire! it reduces the number of these volumes that I need 


field, I still consider it the best. It is somewhat 


106 May, 1961 - NUCLEONICS 








‘‘Neutron Cross Sections’’ (BNL-325) 


This book, which is the primary data book on the sub- | 
ject, 18 ust ful for qualitative cross-section curves, reso- 
nance-parameter listings and as a bibliography source. 


Geneva Conference Volumes: ‘‘Physics of Reactor De- 
sign,'’ 1955, vol. 5; ‘‘Reactor Safety and Control,” 
1958, vol. 11; ‘‘Reactor Physics,’’ 1958, vol. 12; ‘‘Reac- 
tor Physics and Economics,’’ 1958, vol. 13; ‘‘Nuclear 
Data and Reactor Theory,'’ 1958, vol. 16. 


Taken together, these volumes form a very comprehen- 
sive series of review articles. Their publication is a major 


blessing to the nuclear field and justifies holding the 


Nuclear Propulsion—Jerry Grey 


Dr. Gre it Pr eton University, Princeton, N. J.) 
Because of the relatively new field of applying nuclear 
gy to propulsion systems, ‘“hard-cover”’ literature has 
not vet | time todevelop. Much of the field is classified 
i st of the unclassified materials still appear in the 
form of papers, journal articles, etc. Hence, the list of 
essential’? books that follows is short. 


‘Principles of Nuclear Reactor Engineering’ by S. 
Glasstone (D. Van Nostrand Co., Inc., Princeton, N. J., 
1955 
r} ime juite useful as an introduction to the 

t rogram, particularly for engineers with 


little o1 background 


‘Reactor Analysis'’ by R. V. Meghreblian and D. Holmes 
McGraw-Hill Book Co., New York, 1960) 


Per] t most complete reactor-analysis textbook 
available, this book more than adequately fills the need for 
det i nuclear-design requirements. 


The Dynamics and Thermodynamics of Compressible 
Fluid Flow'’ vols. 1 and 2, by A. H. Shapiro (Ronald 
Press, New York, 1953 


This | ers the 


ireas necessary for gas-cooled 


Nuclear Rocket Propulsion’’ by R. W. Bassard and R. D. 
DeLauver (McGraw-Hill Book Co., New York, 1958) 


Tr} tio? les a good introduction to the spe- 
d in the application of nuclear 


r plants 


‘Physics of Fully lonized Gases’’ by L. Spitzer (Inter- 
science Publishers, New York, 1956 
Phis i | reference book in the area of extreme-tem- 
perat ire guses Tor inced fission and possible fusion 


+ 


pow t the tuture 


Nuclear Engineering—Charles F. Bonilla 


B ithor, teaches nuclear engineering in the 

1) ( Engineering, Columbia University, 

‘ \ N. ¥ 

| ks that nuclear engineer uses and even the 
ones he 1 find ndispensable”’ depend on the field in 
vy] he is working and to a considerable extent on the 
le oO Since in my own ease I teach courses in 
Nuclear Engineering Laboratory, Nuclear Chemical Engi- | 
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New Books from Pergamon 
BIOLOGICAL SCIENCES 


Series VI. Progress in Nuclear Energy Series 


Volume 3. Energy of Fission Products into Food 
Chains. Edited by J. F. Loutit $7.00 


NUCLEAR FORCES AND THE 
FEW-NUCLEON PROBLEM 


Two Volumes 


Edited by T. C. GrirritH and E. A. Power, 

University College, London 
These important volumes containing the proceed- 
ings of the International Conference held at Uni- 
versity College, London, cover the work at present 
being carried out on few-nucleon processes (3 or 
more, but less than about 6-12 nucleons, and the 
interpretation of the results in terms of two or 
more body forces between the nucleons. 
The work opens with a survey of the present posi- 
tion of the two-body nucleon-nucleon interaction 
obtained from consideration both of the “Meson 
Theory of Nuclear Forces” and of the nucleon- 
nucleon data below 200 MeV, followed by con- 
sideration of the few-nucleon processes below 200 
MeV both from a theoretical and experimental 
viewpoint, with emphasis on the extent to which 
the two-body nucleon-nucleon interaction can be 
extended to explain the experimental results. 


Per set of two volumes, $30.00 


PROGRESS IN NUCLEAR PHYSICS 


Volume 8 


Edited by O. R. Friscu, Cavendish Laboratory, 
Cambridge 

Volume 8 in the Progress in Nuclear Physics Series 
presents further authoritative papers summarizing 
recent developments. The articles are expertly 
edited to encompass a broad range of subjects and 
to follow up earlier articles. There are numerous 
diagrammatic illustrations and the work is exten- 
sively cross-referenced. 

SECTION HEADINGS—Part I The Composi- 
tion of the Primary Cosmic Radiation (C. J. 
Waddington) 

Part Il The Interaction of Polarized Nucleons with 
Nuclei (E. J. Squires) 

Part III Collective Motion in Nuclei (D. M. Brink) 

Part [IV Dispersion Relations for Elementary Par- 
ticles (J. Hamilton) 

Part V Cerenkov Detectors (G. W. Hutchinson) 

Part VI The Photoproduction of Pions (E. H. 
Bellamy). Contents of Previous Volumes. 
Name and Subject Index $15.00 


NUCLEAR DATA FOR 
REACTOR DESIGN 3 Volumes 


N. G. SsosTRaND, A. B. Atomenergi, Stockholm, 

and J. S. Story, A.E.R.E., Harwell 
Vol. I Low Energy Cross Sections 
Vol. If Parameters for Thermal Reactors 
Vol. Ill Fission Parameters and 

Fast Neutron Cross Sections 

This handbook is a collection of the fundamental 
nuclear data needed for design of nuclear reactors, 
including many hitherto unpublished results. All 
values are critically compared and discussed, and 
lists of recommended values given with short ac- 
counts of how they should be used. At the end 
of each chapter is a section pointing out discrep- 
ancies and need for further measurements. There- 
fore, this is a useful work both for those who want 
the data and for those who make measurements 


in this field. In preparation 


Descriptive catalog of books on Nuclear Science 
and Engineering available on request. 
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neering and Nuclear Reactor Thermal Design, I have 
chosen books from these three fields for my list of impor- 
tant nuclear-engineering books. 


“Radioisotope Techniques"’ by R. T. Overman and H. M. 
Clark (McGraw-Hill Book Co., New York, 1960 


“‘Nuclear Reactor Experiments’’ by J. B. Hoag (D. Van 
Nostrand Co., Inc., Princeton, N. J. 


‘Reactor Analysis’’ by R. V. Meghreblian and D. Holmes 
(McGraw-Hill Book Co., New York, 1960 


Although we do not specify a particular text in the Nu- 
clear Engineering Laboratory, we make frequent reference 
to Overman and Clark’s book for the radiochemical experi- 


ments because of its extensive background information and 
its experimental procedures. Hoag is used for ex periments 
on subcriticals. Because of its completeness and read- 
ability, Meghreblian and Holmes’ book gives excellent 


general-reactor coverage. 


‘Nuclear Chemical Engineering’ by M. Benedict and T. 
Pigford (McGraw-Hill Book Co., New York, 1957 


“Symposium on the Reprocessing of Irradiated Fuels,”’ 

vols. 1, 2 and 3 (AEC publication, Brussels, 1957 

In Nuclear Chemical Engineering the Benedict and 
Pigford text is the only volume we kno 
coverage of this field for a first-year graduate 
For more information on the specific topic of fuel reprocess- 
ing, the AEC Symposium volumes (TID 7534) are useful 
“‘Nuclear Engineering’ by Charles F. Bonilla (McGraw- 

Hill Book Co., New York, 1957 


‘Control of Nuclear Reactors and Power Plants’’ by M. 
Schultz (McGraw-Hill Book Co., New York, 1955 
(New edition, March, 1961 


In the Thermal Design course I mu 


my own book, principally because I know wl n it 
and where. Although originally conceived for a graduate- 
level survey course in nuclear engineering, t] } fl 
heat-transfer and thermal-stress chapters are quite exte1 
sive as well as entirely related to nuclear desig \Iont 


Schultz’s book is valuable for predicting trat 


‘Nuclear Engineering Handbook’’ by H. Etherington 
(McGraw-Hill Book Co., New York, 1958 


‘Reactor Handbook,’’ Engineering and Materials Vol- 
umes (Interscience Publishing Co., New York 
These two books provide genera 

correlations or methods can be sought 
Because of the rapid development in th 

however, all of these books should | 

files of reports, reprints, Al 


Science Abstracts, etc. kept as up-to-date as time 
space allow. Particularly useful from my point 

are the recently published survey) t AK 
Civilian Power Reactor Program NU, Apr. ’60 7 


Applied Radiation—Vincent P. Guinn 
(Dr. Guinn is Supervisor, Radioche t Grou, 
opment Co., Emeryville, Calif 


‘‘Beta- and Gamma-Ray Spectroscopy’’ by K. Siegbahn 
(Interscience Publishing Co., New York, 1955 


‘The Atomic Nucleus’’ by R. D. Evans (McGraw-Hill 
Book Co., New York, 1955 
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‘Fast Neutron Physics,’’ Part | of Techniques (Inter 
science Publishing Co., New York, 1960 


oy Ss... €. 


“‘Luminescence and Scintillation Counters’ 
Curran (Academic Press, New York, 1953 


“Scintillation Counters’’ by J. B. Birks (McGraw-Hill 
Book Co., New York, 1953 


These books are of prime t tt ! Lu tl I 
thorough treatment ol suc topics as nucieal tructure 
nuclear interactions rad t i inte! tl I 
radiation with matter, scintillation processes and gamma- 


rav spectrometry 


“Liquid Scintillation Counting’’ edited by C. G. Bell and 
F. N. Hayes (Pergamon Press, New York, 1958 
This book gives the oni thor igh treatment ol the sub- 
ject of liquid-scintillation counting 


‘‘Nuclear and Radiochemistry’’ by G. Friedlander and 
J. Kennedy (John Wiley, New York, 1955 


‘‘Modern Radiochemical Practice’’ by G. B. Cook and 
J. F. Duncan (Oxford University Press, 1952 
These books are, in my opinion, two of the best in the 
treatment of the whole held ol radiochemistry 
‘Radioisotope Techniques"’ by R. T. Overman and H. M. 
Clark (McGraw-Hill Book Co., New York, 1960 
This is the Oo! up-to-dat DOOK witl letauiied treat- 


ment of almost all radiochem) iboratory tec! pues 


‘Principles of Nuclear Engineering’’ by S. Glasstone 
D. Van Nostrand, New York, 1955 


This book gives a t} igh presentation of the 
subject of nuclear reactors lo this list might well be 
added several smaller booklets that are of considerabli 
practical use—-the Oak Ridge National Laboratory 
Catalog, the Isotope Index (Scientific Equipment C 
Indianapolis, Indiana) and the National Bureau of Stand- 
ards Handbooks 42, 51, 59, | 69 


Nuclear Instrumentation—Robert L. Chase 


Bob Chase, aut fa MeG v-H 

it ‘ ‘ " ‘ 

Up New Y 
Phe foll g 
trumentat 


‘Electronics,’ by W. C. Elmore and M. Sands, vol. 1 in 
National Nuclear Energy Series (McGraw-Hill Book 
Co., New York, 1949 


‘Signal Noise and Resolution in Nuclear Particle Count- 
ers'’ by A. Blackley and A. B. Gillespie (Pergamon 
Press, New York, 1953 


‘lonization Chambers and Counters’’ by B. Rossi and 
H. A. Staub, vol. 2 in National Nuclear Energy Series 
McGraw-Hill Book Co., New York, 1949 


‘‘lonization and Counters’’ by D. Wilkinson (Cambridge 
University Press, 1950 


‘Scintillation Counters’’ by J. B. Birks (McGraw-Hill 
Book Co., New York, 1953 
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AEC Technical Information Services 





By EDWARD J. BRUNENKANT and RICHARD M. BERG 
Office of Technical Information, Atomic Energy Commission, Washington, D. C. 
Pi 
The dissemination of scientific groups, OTI Washington is responsible 
ical information relating for over-all policy and program direc- 
c ene hould be permitted tion as well as planning and adminis- 
encouraged so as to provide that trating specialized programs. The Ex- 
he é of vdeas and criti- tension, on the other hand, manages 
hich is essential to scientific the technical-report distribution sys- 
ndustrial progress and public tem, develops and publishes _biblio- 
nding and to enlarge the graphic and reference tools, provides 
f technical information.” reference services, conducts an aggres- 
Chapter 12, Sec. 141 b.—Atomic sive information-acquisition program, 
nergy Act of 1954 provides translation services through 
contractual arrangements (see p. 111) 
The AECist irth largest Federal and offers publishing services in sup- 
of research and dey clopment, port ol other OTI programs. 
ae ahs © : — gin = Technical Reports 
{ the nuclear field. The nearly 40,000 technical reports 
In t t ear AEC will prepared by AEC contractors consti- 
SSOU million for ac- tute the hard core—the “bread and 
f the atom and butter’’—of the AEC technical-infor- 
pplications, in mation dissemination program. The 
hnical imtorma- AEC estimates that more than 6,000 
therefore, that unclassified reports will be issued dur- 
s one of the ing this fiscal vear alone. 
‘ AK t t ct These AEC technical reports are 
\ t hnical informa- sold by the Office of Technical Serv- 
Al t basic responsi- ices, U. 8S. Department of Commerce, 
|* First s members of Washington 25, D. C. and, are also 
AEC offices and available in mic rocopy trom the Micro- 
Government — card Corporation, Madison, Wisconsin. 
ntractors—with Not all work, however, is reported in 
tion products and document format. For instance, AEC 
and unclassi- contractor scientists publish several 
it their re- thousand articles a year in scientific 
s t distributes and technical journals. In addition, 
roducts and they report extensively at professional 
l rid- meetings and conferences The pro- 
istrial com- ceedings are published by the AEC and 
ibli Al- sold by the Office of Technical Services. 
th the AEC 
hould realize Nuclear Science Abstracts 
t t 1 ices The best way for scientists and 
t vol for engineers to keep up with the burgeon- 
Con ing nuclear literature is to read 
wa for Vuclear Science Abstracts Published 
t tensive ust by the AEC since 1947, this semi- 
A t tor complex monthly abstract journal is the key 
; not only to AEC report literature 
OT! Organization but also to report, Sear) book and 
R the AEC techni- — patent literature the world over. It is 
= i is centered in the fifth largest abstract ournal 
AKC O nical Informa- published in the United States and the 
OT] f two branches: a only one with complete indexes in 
§ \ ot taff | the Office of each issue. The indexes, containing 
I Int tion Iextension at personal author, corporate author, re- 
O I In the broad — port number and subject are cumulated 


between the two 
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quarterly, semiannually and annually 


Three 
ready been published; others will be 
published at five-year intervals. 

NSA is available on subscription 
from the Superintendent of Docu- 
ments, U. 8S. Government Printing 
Office, Washington 25, D. C. at a one- 
year domestic subscription (including 
all indexes) of $33.00. 

Besides NSA the AEC publishes a 
number of other bibliographic and 
reference aids. These include bibliog- 
raphies, literature searches and report 
lists—all sold by the Office of 
Technical Services. 


multivolume indexes have al- 


are 


Technical Books 


From its inception the AEC has 
sponsored the writing and publication 
books 
monographs to foster progress in nu- 
clear science and technology. Nearly 
100 AEC-sponsored books have been 


of scientific-engineering and 


published including the 30-volume 
National Nuclear Energy Series 
“Presentation Sets” for the two 


Geneva Conferences (11 volumes in 
1958 and 9 volumes in 1955) and the 
nuclear works of 
Samuel ‘““Materials,”’ the 
first volume of the second edition of 
the ‘Reactor Handbook,” has already 
In addi- 


tion, the AEC has recently joined with 


highly suecessful 


Glasstone. 


been published commercially. 


several professional societies to pro- 
duce short (200 pages or less) paper- 
back monographs on nuclear-energy 


subjects. 


Progress Reviews 


To meet the needs of science and 


industry for concise periodic sum- 
maries of significant developments in 
key nuclear and 
technology, the AEC in 1957 initiated 


the publication of quarterly “ Technical 


areas of science 


Progress Reviews.” Four Reviews 
have been published so far: “ Power 


Walter H. 


Zinn and his associates of the General 


feactor Technology,” by 


Nuclear Engineering Corporation; “‘Re- 
Fuel by Stephen 
Lawroski the 
Argonne National Laboratory; “ Re- 
actor Core Materials,” by R. W. 
Dayton, E. M. and their 
the Memorial 
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actor Processing,”’ 


and his associates of 


Simons, 
Battelle 


associates ol 
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Reactor 
Handbook 


SECOND EDITION 

Revised and Enlarged 

IN FOUR VOLUMES 

Prepared under contract with the 
U. S. Atomic Energy Commission 


A thorough revision and expansion— 


VOLUME 2 to four volumes and more than 3500 


pages—of the vast collection of scien- 
tific and technical data on reactor de- 


sign, engineering, and operation first 
published in 1955 under AEC sponsor- 
ship. 


Edited by S. M. Stotier, formerly of Vitro Corporation of 


America, and R. B. Ricuarps, General Electric Company 


The second volume of the new Reac- Contents 
tor Handbook presents a condensed 
version of the tremendous amount of 
engineering data, much of it recently 


Part A Chapte rs 1-2 


Introduction 


declassified for private industry's use, Part B (Chapters 3-6 
in the rapidly developing area of re- Aqueous Separation Processes 
processing of irradiated fuels. Ove r Part C (Chapter 7 
100 nationally recognized specialists Non: ; 
P, c onaqueous Separation Processes 


have contributed. They have organ- 
ized this new material and reorgan- 
ized and revised existing data along 


Part D (Chapters 8-12 


Reconversions 


the patterns of functional usage, Part E (Chapters 13-15 
stressing data correlation rather than Radioactive Waste Disposal 
mere compilation. Coverage of ob-  p,» } (Chapters 16-18 


solete processes is kept to a minimum 


Engineering 
and the scope of the first edition is 


; : les 
extended to include _ reconversion, index 

isotope separation, plant and equip May Approximately 700 pages 639 
ment design and cost. illustrations, 410 tables About $22.00 


Published— 


MATERIALS 


edited by C. R. Tipton, Jn., Battelle Memorial Institute. 1223 pages 995 
illustrations, 975 tables $36.50 


Forthcoming— 


PHYSICS AND SHIELDING 


edited by H. Soopax, Nuclear Development ( orporation of America, E. P 
Buizarp, and Mrs. Lorraine S. Aspotr, Oak Ridge National Laboratory 


ENGINEERING 


edited by Stuart McLarn, Consultant, and Joun H. Martens, staff member 
Argonne National Laboratory 
Volumes may be ordered individually 


For more information, write 
INTERSCIENCE PUBLISHERS, INC. 
250 Fifth Avenue, New York 1, N. ) 
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Institute; and ‘Nuclear Safety,” ed- 
ited by \\ B. Cottrell and R. A. 
Charpie and their associates at the 


Oak Ridge National Laboratory. The 
Reviews are sold on subscription by 
the Superintendent of Documents for 


$2.00 a year eacn 


Depository Libraries 


lo provide ready and convenient 
access to its unclassified materials, the 
AEC has established a far-flung system 
of 85-domestic and 84-foreign deposi- 
tory libraries. Each contains a com- 
plete collection of AEC reports and 
bibliographic tools, including NSA and 
other AEC technical literature De- 
pository libraries in the United States 
also contain copies of reports from 
foreign countries that have bilateral 
agreements with the United States. 
Each institution serving as an AEC 
depository agrees to service the collec- 
tion and to provide reference, loan an: 
document reproduction services 


Educational Services 


To foster public understanding ol 
nuclear enterprise and to stir the 
imagination of our future ientists, the 
AEC sponsors a program of traveling 
‘xhibits and demonstrations, carried 
out through the Oak Ridge Institute 
of Nuelear Studies In th high- 
school demonstration program a trained 
demonstrator, equipped with suitable 
props ’ goes into the science iSses 
ind puts Oli i t \ exhibitions tl 
scientine principle ind app itions 
tI atomic energ 

Requests or exhibits and demon- 
strations should be direct to tl 
Oak Ridge Institute of Nuclear Stud 
ies, Post Office Box 117, Oak Ridge 


Tennesse¢ 


Motion Picture Films 


The AK( nd its contractors have 
I T led orn tio LO 
tion pict Mi t! SO 
ofessional t ind 80 popular titles 
ering tl p it ilear-« rey 
ipject il | roy , t 
g Ip ( y Professior { 
pul t bindustria val 
Zatiol I ted to bort 
n ti Ab 10 mot ture 
bra t AEC Head rt 
1 off ARC fili brar 
| on t! { t States and Canad 
pectl rs [rol ther ul 
tries should tact the Unit States 
[nformat Agency — offic ng 
t lI nt | ( Ah s filn ro- 
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Keeping Up With Foreign Nuclear Literature 


flood ot 
are 


in the 
iterature 
oO} that desc ribe 

ntists and tech- 

| p people who 
king keep abreast of 
and 
abstract- 


ent pri- 
i t lt isl ing books, 
to-cover journals 


illy be- 


translia- 
hold ol 


t (; nl t organizations pro- 


t \ n 1 get 
t t extens translating and 

Th 

Services acts as a clearing 


the AK 


Office of 


MAKeCS 


t nd abstracts and’ 
> e Foundation acts 
y tor In addi 
t so translate 


ber Of articies 


0x below 
ut about 
Translation Depositories 
[ t States are the 
() I s s (OTS) of 
~ ) t t of Commeree 
. Association 
l ( t SLA) at the John 
¢ The OTS 
tor clearing 
g, reproduce 
t ide b 
(y rnment 
broad it 
transia 
tl r source 


t transiations 
t rganizZ 
t \ ed witl 
Tecl 
/ itl by 
{ - T mtains 
} | 
t tabout 
r t] 
OTS t} art 
y In its 
UIs ted a selective 
ting bout 200 Rus- 
( t und other 
t-t uurnal 
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AEC Translations 

As might be expected, the govern- 
the 
extensive nuclear-literature translation 


ment agency carrying out most 
program is the Atomic Energy Com- 
mission 109). 
is administered by the Office of Techni- 
Oak 
Ridge, Tennessee. The major objec- 
of the AEC are to collect 
disseminate translations sponsored by 
AEC contractors and other agencies 
here to coordinate the 


translation activities of AEC contrac- 


(see p. Their program 


cal Information Extension in 


tives and 


and abroad, 
tors (and thus avoid duplication) and 
to provide translations of monographs 
and books—particularly from Russian. 
Translations sponsored by AEC 
tractors are available in OTS and SLA 


cone- 


depository libraries as well as the AEC’s 
These translations with 
\ uclear 

the 
OTT) 


own libraries. 


abstracts are announced in 


Abstracts. 
Office of Technical Information 


Science In addition, 


intends to publish shortly a listing of 
about 7,000 translations in Translation 
Title List and Cross Reference Guide. 

The OTI directly contracts for the 
translation of foreign-language mate- 
rials with the emphasis on nuclear 
books and monographs. Most of these 
works are printed by OTI, distributed 
to AEC contractors, official agencies 
and AEC depository libraries and sold 
to the public through the Office of 
Technical Services. 

Through the OTI, the AEC 
information about nuclear 
translations and abstracts to the 
Transatom Bulletin, the EURATOM 
monthly publication that announces 
translations prepared by EURATOM 
member organizations along with these 
prepared in the United States and 


also con- 


tributes 


the United Kingdom. 


National Science Foundation 


The National 
the supporting organization for many 


Science Foundation, 





Office of Technical Services 


nthly, $33 (d 





To Stay Aware of Foreign Literature Translations 
Use These Services 


echnical Translations'’ Contains lists of all foreign translation along with abstracts. One 
quarter of the translations are available from OTS. Microfilm copies also available. Bi- 
monthly, $16 a year Su perintende Documents, U. 8S. Government Printing Office, Washing- 
tor D. ¢ 

“Current Review of the Soviet Te nical Press Reviews books and articles on all sciences 
within a month of publication in Russia Weekly, $7 a vear Office of Technical Services 
[ S. Department of Commerce, Washi Df 
rranslators and Translations: S es and Sources Directory of translators and translation 
pools throughout the world ia graphy of translation indexes, Special Libraries 
dea itt a Cente Jahn ¢ era Labra Chi 7] Il 

Atomic Energy Commission 

**Nuclear Science Abstracts Announces translations and includes abstracts of nuclear liter 


luding indexes), 


ature, Ser stic incl 
Government I nting Office, Washingtor D. ¢ 
lranslation Title List and Cross Reference Guide"’ (TID-4025) (1st Rev). Contains about 
7.000 nu ar translations held OTI Superintendent of Documents, l S. Government 
Printing Off “W i D. ¢ 

EURATOM 
Transatom Bulletin Compilation ann ng translations prepared by EURATOM member 
organizations Monthly, $8 surface), $16 a year (air mail EURATOM, Transatom 
Service Rue Be rd, B 

National Science Foundation 

“Providing U. 8. Scientist with 8 et Scientific Information." tev. ed Information about 
translations of books and per licals availablein U.S Office of Scientific Information Service 
National Science Foundation, Was) D. ¢ 
List of Russian Scientific Journals Available in English’’ (NSF 60-46), Office of Scientific Inf 
mation & National Science Foundat Washington 25, D. ( 

Library of Congress 

‘Monthly Index of Russian Accessions Bibliographies issued in Soviet Union, available 
Us $l2ayear Superintendent D ements, LU. S. Government Printing Office, Washingtor 

i, o. © 

“East European Accession Index Record of monographiec publications in Iron Curtain coun- 
tries and Yugoslavia. Monthly, $10 a year Superintendent of Documents, U. S. Government 
Printing Office, Washingtor D.¢ 


Superintendent of Documents, U.S 
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Chemical Processing of 


Reactor Fuels 
Edited by Joun F. Friacc 
Volume 1 of Nuclear Energy 
A Series of Monographs 
V. L. Parsecian, Consulting Editor 
May 1961, about'500 pp., illu 


Nuclear Spectroscopy 
Edited by Fay AjzENBERG-SELOV! 
Part A, 1960, 621 pp., illus., $16.00 
Part B, 1960, 524 pp., illus., $16.00 


Nuclear Physics 
Edited by Luxe C. L. Yuan and 
Curen-SHIUNG Wu 
Volume 5 of Methods of 
Experimental Physics 
L. Marton, Editor-in-Chief 


Part A, June 1961, about 600 pp., 
illus. 
Part B, 1961, in preparation 


Radiation Dosimetry 


Edited by Geratp J. Hine and 
Gorpon L. Browne tt 


1956 (2nd printing, 1958), 932 pt 
illus., $22.00 


Isotopic Tracers in Biology 

Third Edition 
By Martin D. Kamen 
1957 (2nd printing, 1959), 478 pt 
illus., $10.50 


Activation Analysis Handbook 
By R. C. Kocu 
October 1960, 219 pp., $8.00 


Fuel Element Fabrication 
with Special Emphasis on Cladding 
Materials 


Proceedings of a Symposium organized by the 
International Atomic Energy Agency, held in 
Vienna, May 1960 


2 volumes, 1961, in preparatior 





Advances in 


Nuclear Science and Engineering 
Edited by H. Kouts and E. J. HENLEY 
Volume 1, 1961, in preparation 





Nuclear Science and Engineering 
The Journal of the American Nuclear Society 
Volumes 9-11, 1961, each $19.50 


Detailed literature available upon request 


111 Fifth Avenue, New York 3, New York 
17 Old Queen Street, London, $.W.1 
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nuclear translations, finances programs 
| for translating foreign-language scien- 
Included 


are cover-to-cover translations of jour- 


ic and technical material. 


nals by scientific societies as well as a 


number of books and monographs for 


The NSF 


cover-to-cover transla- 


commercial publishers. 


helps support 


tions of 45 Soviet technical journals 


In addition, they organize the gov- 
ernment program of buying transla- 
tions Irom abroad, using money received 
fro1 intries that get food surplus 

om the United States. For exampl 
Israel is now translating about 50,000 


Poland will 
Polish 


i 


ana 


pages of Russian material 
soon transiate 19.000 pages ol 
hnical literature 


Yugoslavia will translate 20,000 pages 


scientine and ter 


f Serbo-Croatian and other East- 
European literature 
Private Publishers 
In addition to these government 
t slat rganizations, several pri 
ate shers put out foreign books 
ind journals wo of the most exten- 
s oT Ss al onducted by Con- 
sultants B 1 Enterprises and the 
Perga Press. To oid duplica- 
ther organizations planning 
Russian translations, Consultants 
Bure tributes quarter ya list ol 
r ™ +} , 


pian to transiat 


Success of Programs 


He these rganizat s 
k t ( -Increasing 
Ss vg ite ture pouring int 
+] 1 t, States? Prett ( 
I gt t NUCI NICS sul 
| t tween tl t t 
intr 
, t tral t 
inti lot great 
t S t 3- nt r-g t 
t g gy ] ] 1 Ff I 
r t to | ttle oO 
9 ter translate 
t OTS 7% Ye ] ? f7 
g zt Q t late 
S g tl slated or 
t | tr tors 0 p 
r , ” Sj ul ( 
tr lentists, or at st 
tif background as 
1 f nt kn age Oo pboth 
tng list nguage of tl rt 
he ti te ntrodu ev rrors 
nto tl tral ting and abstracting 
yrocess Thus though improve 
ments s be made, the syste 
as it now stands appears to keep nu- 
aware of the 


clear scientists ade quately 


1 their field abroad. 


developi nts 








“Essential flavor of the shield- 
ing arl is admirably caught by 
Goldstein’ s u ill he 


useful, and can be recom- 


book eee 


mended, lo all who have to deal 
with radiation sh lelding ee 


SCIENCE 
(Alvin M. Weinberg) 


Herbert Goldstein 


Fundamental 
Aspects of 
Reactor Shielding 





based on a report 


Goldstein for the AEC 


Although 


pre 


pared by Dr 


entitled Attenuation of Gamma 
Rays and Neutrons in Reactor 
Shields this volume has been re 
vised, corrected, and updated in 


many respects. For example 


® Chapter 2 contains the latest re 


visions on radiation’ protection 


standards 


Chapter 3 contains completely 
new photoneutron cross sections 
as well as a complete revision of 
information on sources of 
tion (e.g., new information on fis 
sion gamma rays and ‘fiss 
product gamma rays 

* Chapter offers new appendixes 
which include: complete sumr 
of moments method; gamma ray 


penetratior ulations; summary 


of neutror penetratior kernels 
listing of apture gamma ray 
spectra 


© One-third more 


ences are incivaed 


literature 


Other reviewers have mment 

that this book ‘stands alone as the 
authoritative treatise Nucleonics 
that it is the “best that has beer 


published’ (Nuclear Physics 


For copies on 10-day examination 
write to: 


L. J. WILSON 





ADDISON-WESLEY 
PUBLISHING COMPANY, INC. 


Reading, Massachusetts 
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A Nuclear Book Review 


Arms Control, Disarmament and 
National Security 


Edited by DONALD G. BRENNAN (George 


Braziller, Inc., New York, June, 1961, 512 
pages, $6) 

Reviewed WitiiaM A, HIGINBOTHAM, 
Head, Instrumentation Division, Brook- 
have Na nal Laboratories, Upton, N , 

Th ginally published in the 
fa , 10% th nearly the same content in 
h ul arms control issue of Daedalus, 
} j f th {merican Academy of Arts 
. g 

\ pie of vears ago it became possi- 
ble to send a rocket to the moon. An 
ott-the lf suggestion to explode a nu- 
e on the moon brought a 
storm of protest from scientists who 
XI that Ww must not contami- 
nate the moon if we want to study any 
natural radioactivity and plant life it 

nternational conventions 

ind within a matter of 

, re was international agree- 

t Keel t} moon s¢ rupulously 

But in fifteen years of almost 

t t inte itional negotiation we 

| t been able to agree on how to 


J seriously contaminating 

t t} ith radioactivity. And 

throughout these fifteen vears the 

tri has grown to the 

nt vhere t is ilmost bevond 
my nsior 

Although it has been pretty obvious 

Hirosl that the arms race 

must be controlled, this vital subject 

has d little serious attention in 

vutside government circles until 


1uit ntly; this lack of attention is 
reflected in the paucity of relevant 
books or articles Arms Control, 
Disarmament and National Security se 


ir contribution to this litera- 


tu 
And this is a very complicated sub- 
t, which accounts to some extent 
for the lack of progress toward inter- 
tio! agreements and for the lack of 
publi inderstanding. Our national 
gon not onlv pea but peace with 
freedor istice ind situations 
iTist ll « r aims cannot simul- 
il hie Anv unilateral 
uct our part will affect Soviet 
these in turn will affect our 
it i s, et An agreed reduc- 
tion of armaments in one area requires 


Vol. 19, No. 5 - May, 1961 


a modification of the defense structure 
in other Unilateral, bilateral 
and multilateral steps can affect the 
international atmosphere and the sta- 
bility of the balance of fear. President 


areas. 


Kennedy’s recent defense-budget mes- | 


sage considers these relationships as 
they affect our military program. 
Economic, social and emotional factors 


also affect the arms-control picture and 


they must be considered. 


Since Sputnik there have been 
several small but careful studies of 
disarmament—some official and some 


private. The American Academy of 
Sciences has supported some of them. 
For its arms-control issue of Daedalus, 
the Academy sought contributions from 
people who were known to be interested 
the field. The 
result, an up to date and challenging 


and well-informed in 
source, will be published in book form 
this No this 
the last word, nor is it complete. But 


it is an excellent start on the research 


June. one will say is 


and debate that should have gone on 
in the past and must be pressed in the 
future. Survival is important to all 
of us and responsible citizens should 
welcome this opportunity to find out 
what the nuclear experts are thinking 
about. 

he 
by the historical articles that criticize 
the United States as well as the USSR 
the failure of the disarmament 
negotiations. Although I don’t agree 
altogether with Saville Davis’s chapter 
in the book, I do think that America 
has certainly missed a lot of opportuni- 
reading of the 
papers it appears that the Soviets are 


Some Americans may surprised 


for 


ties. From a casual 
always to blame. But careful reading 
of the New York Times 
documents leads me to think that this 


country has done very poorly since the 


and official 


spring of 1955. 

the 
pre- 
sented in the first three chapters of the 
book. Next 
chapter by 


The aims of arms control and 


complexity of the problem are 


is a very stimulating 
Herman Kahn, strategic 


the Rand 


and author of ‘‘Thermonuclear War” 


analyst for Corporation 
Princeton University Press, Princeton, 
N. J., 1960), on the kind of world we 
live in and our chances of being alive 
a few years from now. 

A few Kissinger 


years ago Henry 





THE AUTHORIZED U.S. 
AIR FORCE EDITION OF 


THE HANDBOOK 
OF 
THERMOPHYSICAL 
PROPERTIES OF 
SOLID MATERIALS 


ENTIRE 5-VOLUME SET 
AVAILABLE IN JUNE 1961 


4200 pages... thousands of charts, 
graphs, and tables... more than 20 
years in the making, at a cost of hun- 
dreds of thousands of dollars. 


Vol. 1, Elements; Vol. 2, Alloys; Vol. 3, 
Ceramics; Vol. 4, Cermets, Intermetallics. 
Polymerics, and Composites; Vol. 5, Ref- 
erence List, Author Index, etc. 


Published by The Macmillan Company 
under contract with the U. S. Air Force 
... compiled, evaluated. and consolidated 
by Alexander Goldsm'th, Thomas E. Wat- 
erman, and Harry J. Hirschhorn with the 
Staff of the Armour Research Foundation 
of the Illinois Institute of Technology in a 
program sponsored by the U. S. Air Force. 


You can save $15 of the retail price of this 
indispensable reference work by ordering 
your set before publication. Use the cou- 
pon below to reserve your books now at 
the special pre-publication price of only 
$75. But act now! This special offer is 
good only until August 14, 1961. After 
that, the price will be $90. 


For more information on the 5 volumes 
AND details of our 30-day free trial offer 
and our easy time-payment plan, check 
appropriate boxes in the coupon. 


The Macmillan Company Dept. N-1 
60 Fiffh Avenue, N. Y. 11, N. Y. 
Yes, I want to take advantage of the $15 saving 
on The Handbook of Thermophysical Properties 
of Solid Materials. Please reserve my set now. 


0 Billme (OD Bill my organization 
[ Payment enclosed (to save handling charges ) 


C) Please send me, without charge, your descrip- 
tive circular, 12 facsimile pages from the book, 
and details of your 30-day free trial offer and 
your time-payment plan. 


Name. 





Address 





City Zone a 








Signature 





Company and address. 
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Lo 


wrote ‘Nuclear Weapons and Foreign 
Policy,” which forced a reappraisal of 
American military and international 
thinking. His book 
nuclear weapons for limited warfare, in 
part, I suspect, to challenge people to 
think. 
‘Arms Control, Disarmament and Na- 
tional Security”’ tells why he 
believes that this country should not 
use nuclear weapons in limited conflicts 


also advocated 


In any event, his chapter in 


now 


Among other topics covered are th 
role of lesser powers in the arms rac 
the problem of Red China, economi 
repercussions of disarmament, inspec- 
tion, international law, public opinion 
etc. One 
adequately on so many subjects in a 
Perhaps the 
subjects that are of greatest interest 
test 
disarmament. 

The test-ban chapter was written by 
Edward Teller who is quite frankly 
In retrospect 


cannot possibly comment 


review of finite length. 


are bans and comprehensivs 


opposed to the bans. 
a test ban may have been a poor choice 
for the first step in disarmament, but 
since we agreed to negotiate the point, 
the West probably cannot back out 
without spoiling the chance of agreeing 
I hope the test-ban 
as Teller has 


on anything else. 
picture is not as dark 
painted it. 
Comprehensive disarmament is in- 
teresting the 
Soviet proposal and both East an 
West have endorsed it in 
The chapter on this subject is by 
Jerome Wiesner who recently becar 
scientific advisor to the President. Ir 


because it is current 


principle 


many respects agreement on compre- 
hensive disarmament is just about as 
easy to carry out as is a very limite: 
like the test 
major reduction of armament w 
Sut would all the 
better off? Thi 


world power situation would be drasti- 


agreement ban—and a 


yuld 


1 


certainly result. 
nations involved be 


cally changed and a very unstabl 
Still 


deserves vert 


compre- 


situation might arise. 
hensive disarmament 
careful study. 
tecently I accompanied a number of 
Americans to an unofficial interna- 
disarmament it 


Soviet 


conference on 
The 21 
were the top scientific and techni« 
men of the USSR. I think that most 
of us returned convinced that they wer 
their desire for ‘full and 


tional 


Moscow. delegate - 


sincere in 
complete” disarmament. 
found out that they had not thought 
through the problems such a coursi 
Neither have we to an) 
It’s time we got 


would create. 
appreciable extent. 
to work. 
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New Books for Your Bookshelf 


This previeu list of nuclear books to S. Giasstone, The Effects Nu- 
he published this spring and summer clea! Wi apons 
should giwe you the appetite to follou A. W. Kramer, ‘““Commercial Nu- 
> clear Ship Propuls 
W einhe gd 1avice read more of ‘the lear “I ropulsion 
. , Radiochemistry of the | ents 
Sé Ous h¢ lure or nuctear energy 
io : Monograph series: 
The date publication, uf known, is set = ’ : 
: , - Par The Radiochemistry of Rare Earths 
italics: if no date appears. the book , 7 
iene: PI Scandium, Yttrium and Actinium 
} p blished earlier this spring NAS-NS 3020 
} }/ ) “ r . 1 r'e 1 
0 ill be published later in the year. rhe Radiochemistry of Technetium 


; NAS-NS-3021 
Academic Press, Inc. : " 


, “he fadiochemistryv of nadiun 
D. R. Bates, ed., “Radiation and a oo Vanadium 
, Ss 3022 
High-Energy Physics,” part C of on 4 ee re 
Quantum Theory The Radiochemistry of Tin (NAS 
ae a , 4 NS-3023 
A. DeShalit ] Talmi, ‘‘ Nuclear = i es 
She | Theory ’ summer 196] Ph Rad i Ul ol \lagnesium 
s - 3024 
J. F. Flagg, ed Chemical Process- ow NAS-NS ais 
= I cad emistry ol rhe tal 
ne ¢ Re ictLor Fuels OOO pp Phe I Ur : t 
Va 1001 Gases (NAS-NS-3025 
( i i 


The Radiochemistry of Mercury 


H. Kouts, E. J. Henley, ed., ‘“Ad- 


vances in Nuclear Science and NAS-NS-3026 
Engineering,” vol. | , 
L. C. L. Yuan, C. Wu, eds., “‘Nu- os nae, ee >} T 
ir Physies,”’ vol. 5 of Methods 0. R. * a Atomic Physics To- 
$45 


Experimental Physics 


W. 8. C. Williams, “An introduc- Duell, Sloan and Pearce, Inc. 
tior to Elementary Particles K | Gant: Nuclear Flight.” 
LDDI 00 pp summer, 1961 $4.00 
Fuel Element Fabrication,” Pro- S Naft. R. de Sok ial e 
dings of IAEA Symposium 1 Conversion Tables.” $7.50 
Vienna, 1960, 2 vol. 
Nuclear Science and Engineering Harper and Brothers 
9-11, $19.50 each G. Gar A 
Addison-Wesley Publishing Co., Inc. 34.95, A ‘ 
J. L. Powell, B. Crasemann, ‘‘ Quan- 


International Atomic Energy Agency 


tul Mec] inics 194 pp, $9.75 


‘Selected Te in Radiati Do 
Akademie-Verlag, Berlin simetr 600 pp. May, 1 
Bach Arbeiten uber Strahlen- Small at Medium Power Re 
hemi ti 2? 600 pp. Ma Wi] 
W. Kunz, J. Schintlmeister la Re > 
ler Atomkerne,” Teil 2 No. 9—¢ ts on Some Aspects 
B f Nu Power, Apr 
N 1O—! t Agricultu 
American Society for Testing ie Pract VW , 
Materials \, D er Metallure \ 
Materials Nu ir Applications ; : ' , ( m6 EF 
STB—276,” 344 pp, $8.25 ea uaenie 
Symposium on Radioisotopes in a pa Oe a ae 
Metals Analysis and Testing ee 
STP 261,” 68 pp, $2.75 ve = 2 re = , 
Symposium on Applied Radiation aes , 7 BERS 1p ° 
ind Radioisotope Test Methods << p 
STP 268,” 112 pp, $3.75 peti 
Atomic Energy Commission No. 4—Manu Safe Operat 
J. Belle, ed Properties of Ura- Critical Assemblies and Research 
nium Dioxide Re te LOO $1.50, Hi] 
J. Car R. Bolt Effects of N 5—R ictive Waste | | 
Radiation on Organic Materials”’ the Sea | | 
A.S. Coffinberry, W. N. Miner. eds Ne Hs lransport of R )- 
7 \letal Plutonium’ ictive Mate ip \/ 161 
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Interscience Publishers, Inc. 
iy. Glueckauf, ed., “‘Atomic Energy 


Waste It’s Nature, Use and 
Disposal,’’ 432 pp, $14.00 
: W. R. Harper, “ Basic Principles of 
Fission Reactors,’ 288 pp, $7.50 
\. R. Kaufmann, ed., ‘‘ Nuclear 
-« * Reactor Fuel Elements: Metal- 
urgy and Fabrication” 
R. E. Marshak, E. C. G. Sudarshan, 
Introduction to Elementary Par- 
( Physics,’ 212 pp, $2.50 
\. B. McIntosh, T. J. Heal, ‘‘ Mate- 
ils for Nuclear Engineering,” 
100 pp, SLI.85 
ID). M. Ritse Techniques of High 
Energy Pl s,”’ 544 pp, $16.75 
S. M. Stolle Fuel Reprocess- 
g ol. 2 of Reactor Handbook, 
The Macmillan Company 
Bethelot Radiations and Metter,”’ 
Su Prospective Construc- 
tior 1 Nuclear Age,”’ 2 vol., 
$25, May, 1961 
J. M. Valentine Atomic Physics,” 
| 1961, $1.95 
McGraw-Hill Book Co. 
R. L. Chase Nuclear Pulse Spec- 
M.A. Schultz, “Control of Nuclear 
Reactors and Power Plants,”’ 2nd 
$12.50, March, 1961 
Oxford University Press 
~|* J H Ss Fundamental 
Ator Const *$1.60, March 
Pergamon Press, Inc. 
B.S. D eC] L. K. Peker, “ Ra- 
Nuclei Decay Schemes” 
Philosophical Library, Inc. 
W.D.A Neutron Detection,” 
$10.00 
). Blak \l. Hutton, ‘ Engineer- 
o M t $10.00 
( \ ice Dictionary,” 
$6.00 
r. H ! pact of the New 
P SH 00 
Prentice-Hall, Inc. 
(ry. lr} Atomics and Its 
\ paperbound, $1.95; 
$3.75, April 15, 1961 
R.L. Murr ntroduction to Nu- 
engi ring,’ 2nd edition, 
ws" 11 $12; text edition for class- 
tion, 3 
Princeton University Press 
e 1) Billington J. H. Crawford, 
Radiation Damage in Solids,” 
125) | $12.00 
Vol. 19, No. 5 - May, 1961 





C. N. Yang, “Elementary Par- 
ticles,’ 80 pp, $2.50, May, 1961 


Row, Peterson and Co. 

S. S. Schweber, “An Introduction 
to Relativistic Quantum Field 
Theory,” 840 pp, $11.50, May, 
1961 


Simmons-Boardman Books 
M. W. “Nuclear 
Instrumentation ’”’ 


Reactor 
in the Nuclear 


Jervis, 


Engineering Series of Mono- 
graphs, 96 pp, $2.95 
R. G. Palmer, A. Platt, ‘Fast 


Reactors,’’ in Nuclear Engineer- 
ing Series of Monographs, 102 pp, 


$2.95 


E. N. Shaw, “Reactors of the 
World,” (2nd series) $3.50 
All Nuclear Engineering Mono- 


graphs published to date will be 
available this spring in two-vol- 
ume cloth-bound edition, $26 


University of California Press 
M. A. Melkanoff, J. S. Nodvik, D. 
Saxon, D. G. Cantor, ‘‘ Program 
for Elastic Scattering Analyses 
with the Nuclear Optical Mode,” 


$4.50 


D. Van Nostrand Company, Inc. 
J. G. Beckerley, ed., ‘‘ Power Reac- 
tor Technology,” 417 pp, $11.25 
Cook, ‘‘ Modern Atomic and 

Nuclear Physics”’ 

J. Kohl, R. D. Zetner, H. R. Lukens, 
‘Radioisotope Applications En- 
512 pp, $12.50, April, 


C. BS. 


gineering,” 
1961 

J. Livingood, “ Principles of Cyclic 
Particle 


$10.75 


Accelerators,” 
1961 


135 Ppp, 


J une, 


John Wiley and Sons, Inc. 

R. M. Ejisberg, “Fundamentals of 
Modern Physies,”’ 768 pp, $10.50, 

April, 1961 

G. Murphy, “Elements of Nuclear 
Engineering,’ 224 pp, $7.50, 
April, 1961 

D. J. Rose, M. Clark, Jr., 
and Controlled Fusion,’’ pub- 
lished with MIT Press, 600 pp] 

A. H. Snell, ed., ‘‘ Nuclear Instru- 
mentation Methods,” 944 
pp, $12 

F. H. Spedding, A. H. 
“Rare Earths”’ 


‘Plasmas 


and 


Daane, ed. 


Yearbook Publishers 
T. Fields, L. Seed, ‘‘ Clinical Use of 
Radioisotopes,” 
$10.50 
QO. Glasser, 


2nd ed., 475 pp, 
“Medical = 


vol. 3, 754 pp, $25 


Physics, 





Books of Current Interest 


Nondestructive Tests in the 
Field of Nuclear Energy 
STP 223 


A symposium containing 42 papers 
makes available previously classified 
material accumulated over a 15 year 
period. Four main topics: Reactor 
Components, Fuel Assemblies, Survey 
Lectures, and Miscellaneous cover 
various techniques—eddy current, 
ultrasonic, radiographic, electrode 
potential, thermal test, helium leak 
test, optical, and photometric—for 
inspection of reactors, components 
and related material for nuclear 
plants. Well illustrated. 420 pages, 
Cloth bound, $10.00. 


The Effect of Radiation on 
Materials—Vol. Ill 
STP 233 


This volume covers dosimetry tech- 
niques; radiation facilities and tech- 
niques; radiation effects. All infor- 
mation is based on new data. 
Thirteen well illustrated papers with 
extensive bibliographies. 

168 pages, Hard cover, $4.25. 


Applied Radiation and 
Radioisotope Test Methods 
STP 268 


This volume presents some unique 
potentialities of radioisotopes in test- 
ing procedures and analysis. Twelve 
papers give applications in metallurgy, 
soil analysis, organics and cement. 
Illustrated, extensive bibliographies. 
112 pages, Hard cover, $3.75. 


Materials in Nuclear 
Applications 
STP 276 


Included are papers dealing with 
Ceramics in Nuclear Energy; Indus- 
trial Water for Reactor Use; Post- 
irradiation Effects in Polymers; and 
Radiation Effects and Dosimetry. 
Illustrated. Thirty papers. 

344 pages, Hard cover, $8.25. 








m= FREE 10 DAY REVIEW ae | 
American Society for Testing ] 
Materials Dept. NU 
1916 Race Street, Philadelphia 3, Pa. | 


checked below for 

10 days examination on approval. I 

will remit for book(s) in 10 days or 

return the book(s). 

(] Nondestructive Tests in the Field 
of Nuclear Energy—STP 223 
$10.00 

(] The Effect of Radiation on Mate- 


! 
t 
t 
I 
I 
I 
I 
J __ rials Vol. INI—STP 233 $4.25 
I 
I 
l 
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I 


Send me book(s) 


() Applied Radiation and Radioiso- 
tope Test Methods—STP 268 
$3.75 

() Materials in Nuclear Applications 
—STP 276 $8.25 

(Print 

Name ” 
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Address - = = 


—— SS Oe 
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Prefabricated Hot Cells 


For laboratory work at intermediate radiation levels c 
cells (above) are now being sold on an installed and ready-to-operate basis at the 
The hot cell comes complete with two AMF manipulators, filter- 


mplete prefabricated-hot 


customer’s site. 
ventilating system, eight 4-in. cylindrical a 
deg) shielding window, swinging door and interior lighting; all the customer has 
to do is provide a suitable level location and a discharge duct for the 250-cfm 
filter-ventilating system. Measuring inside 5 X 6 X 10 ft, the hot cell has pre- 
cast, reinforced high-density (235 |lb/ft*) concrete walls that 15-20 in 
thick. The door, made of lead and steel, i 

lead. Optional are stainless-steel floor liner and wains« 
system, sliding pass-through devices, heavy-duty 

working surface.—Ray Proof Corp., Stamford, Connecticut 


ess ports with plugs, wide-view (120 


measure 
nt to a thickness of 5 in. of 
oting, fire-extinguishe1 


itors and stainless-steel! 


Cold-Cathode Counter Tube 


The Z302C, a cold-cathode, gas-filled bidirectional de: 
decade counter tube gives an output the type Z502S 
pulse of such magnitude that interstage selector tub: 

coupling amplifiers are not needed. 
Also in this family of tubes are the I unge-red glow 
types Z303C, similar to the GC1OB and 
6802, and the Z502S similar to the 
GS10C and 6476. The Z303C is 


ade-counter tube and 
is a bidirectional decade 
All three 


Indication is by 


types operat 
it speeds up to 4 k 
discharge at the 
electrodes. Amperex Elec- 
230 Duffy Ave., Hicks- 
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Plastic Glove Box 


Glove box made of ®,-in. thick linear 
acrylic plastr 


Che 


smooth and 


olvyethylen i eu’ 
vindow measuring 12 * 26 in 


plastic surfaces, which are 


nonporous, withstand strong, concen- 


trated acids and solvents. Because of 


its size (17-in. wide, 28-in. long, 1S-in. 


high at back) and lightness, the glove 


moved to decontami- 
Agile Corp 
Bedford, Ohio. 


box can be easi 
nation areas (merican 
P. O. Box 168 


% 


Pulse Light Source 
Nanos cond 


118 ibove 100-pps repetition 
rate The size of the light 


imeter. A number 


spot is a 
disk 0.10 in 

ilso be excited i 
jitter betwee 


0.2 nanosec PI IK 


time 


1024 Transport St., Palo 


Butyl Dry-Box Gloves 


10 times less 
moisture is 
butyl dry-boy resistant 
nceentrate vents 


> made ot one 


AE MCO 


ketones. The 


Zircaloy Tubing for Fuels 
Zircaloy-4 


rate of therl 


tubing has 
itron absorptiol 
0.15 and resis 


barns cross section 


corrosion it transier media 
water at 750 
t 1 on? 3 
it Is parti 


clad 


sizes ranging trou 


promising for lel element 
rhe tubing es 1n 
0.0315 to 


CO 1552. Germantow 


0.625 in. dia.—Superior 


tov Pa 
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Research L!NAC 


Radiation Handler—Mobot® Mark I! 


Detector — Preamplifier 


Opportunities in basic research 
or development engineering 
in Our expanding 


nuclear 
electronics 
laboratory 


progra INS * Operating in a radiation environment 


is a many faceted problem that offers 
challenge and growth to many kinds of engineers and 
scientists in our Nuclear Electronics Laboratory. They 
are contributing to such projects as: simulating radiation 
environment to study the radiation resistance of elec- 
tronic components and systems; the design of LINACS, 
producing either electron beams, gamma rays or neutron 
pulses, uniquely adapted to current needs in radiation 
research, effects testing, medical therapy, sterilization, 
industrial processing and radiography; radiation detection 
and measurement with such devices as the Hughes 
charged particle detector; and mobile remote handling 
equipment, such as the MOBOT®. 


facilities * The laboratory's research and test facil- 

" ities include a 1 Mev beam generator, 
an underground LINAC installation and a 500-curie cobalt 
radiator. An improved 10 Mev LINAC is being con- 
structed. The unexcelled facilities of the Hughes Aircraft 
Company, which include 5 million square feet of research 
development and manufacturing area, support the tech- 
nical competence of a staff which is a demonstrated 
leader in electronic system and component development. 


H » Physicists, Electronic Engineers and 
openings. Mechanical Engineers to participate 
in the development of High Power Particle Accelera- 
tion, Solid State Radiation Detectors and associated 
data processing equipment or mobile remote handling 
systems. 


If you are a graduate electronic engineer, physicist, mechanical 
engineer or metaliurgist and have experience which is applicable 
to the above programs, please airmail your resume to: 

Mr. Robert A. Martin, Supervisor, Scientific Employment, 
Hughes Aerospace Engineering Division, 11940 W. Jefferson Bivd., 
Culver City 39, California. 


WE PROMISE YOU A REPLY WITHIN ONE WEEK 


ew w J with Electron 


HUGHES | 


HUGHES AIRCRAFT COMPANY 
AEROSPACE ENGINEERING DIVISION 
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10-Stage Photomultiplier for uniformity of response (+ 20‘ 
= 4 S across face Linear output current 
CL-1015 photomultiplier, 5 in. in 

aches 200 ma for 100 mysee pulses 


diameter, withstands 40-g¢ shocks last- es c 

‘tron Tube Dept., CBS Laborator- 
ing 11 msec and 10-g vibrations of : bs 
ies, High Ridge Rd., Stamford, Conn. 


0-2,000 cycles in each of three planes ss 
This ruggedness makes the tubes valu- 


ia decked aiid tat wittable tadi- Castings for Manipulator 


ings are used in the 


tion equipment. Faceplates Investment astu 
ive with S-11 photo- master handle and slave end of AMF’s 
posited on curved surtac redesigned master-slave manipulator 


Continued 


Because of its high melting point, ura- 
nium. density, thermal conductivity 
and irradiation stability, uranium 
monocarbide is a promising fuel for 


high temperature reactors 


tion to UC, NUMEC. supplies 
carbides of thorium, hafnium, zircon 


ium and other materials 


Nitrides, borides and oxides for nu- 
clear uses are also available from 


NUMEC. 


Contact NUMEC when you require: 
ear materials and alloys 
lala ciiltis-4ie-1e--la die 
@ materials research and development 
@ neutron, alpha, beta and gamma 4A; 
g-lell-} alesse] laa -3) sk 


System for Sample Irradiation 


| exo-Rabbit above 
erts samples ior ir- 


ind removes them 


N AR M f N EQUIPMENT RPORATION neul ns 
n less thar ( The system consists 
of twe portable components: the 
(3) ample d I init containing 50 ft 


that rolls up on a he ourne through the re 


ransportation and stor- <1 se udiati Kqu ent and 


ntrol unit containing all ccessories ! 665 Merrick Rd 


pneumati ‘ontrols Lynbrook \ 


May, 1961 - NUCLEONICS 














Focusing eyepiece for convenience of user. 





For the ultimate 
in precision viewing of 


intricate, hard-to-reach areas... 


A.C.M.I. Fiber Optic 





Borescopes 












F OR visualization in inaccessible curved areas 
where a flexible instrument capable of adapting 
itself to irregular contours is required. 


Fiber Optic Borescopes are equipped with 
focusing eyepiece and fixed or movable objec- 
tive as required. Illumination can be provided 
by a flexible fiber optic light carrier with an 
external light source or an annular fiber optic 
light carrier attached to the image carrier. Fiber 
optic light carriers are particularly advanta- 
geous for transmission of intense cold light to 
inaccessible or hazardous areas. 





Please send details and sketch 
of your requirements. 


AMERICAN CYSTOSCOPE MAKERS, Inc. 


8 Pelham Parkway, Pelham Manor (Pelham), N. Y. 








Something N EW in 
STABILITY / 


Model 304 HIGH STABILITY POWER SUPPLY 


ef : © 500-2500 VOLTS, POS. or 


NEG 
e ad * © 25 MILS OUTPUT 
ee 


© .01% PER HR. STABILITY 


price $495.00 °2 miutivotr ripple 
Model 108 NON-OVERLOAD AMPLIFIER 


® OAK RIDGE A-8 DESIGN 





¢ 4000 TIMES OVERLOAD 
-¢ 


2 Sf 
PRICE $795.00 


*® GAIN TO 70,000 
©0.1% LINEARITY 


GENERAL NUCLEAR CORP. 
Dep't. 7E 1203 S. Cypress St., Fullerton, Calif. 
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Need extreme accuracy 
in pressure measurements ? 


This booklet gives 
full information on 
Seegers precision 
test gauges. 

They can be 
recalibrated to 
0.10% FS accuracy 
with a screwdriver 





All extremely accurate precision test gauges eventually 
lose some degree of calibration accuracy as a result of 
bourdon tube fatigue. But only Seegers offers a true recali- 
bration capability through an exclusive Zero Reference 
Adjust feature. It lets you recalibrate Seegers test gauges 
in the field to their original accuracy of 0.10% FS over 
their entire pressure range, with a simple screwdriver ad- 
justment. No special tools or testing equipment is required. 
Seegers gauges are available in ranges from 0-15 to 
0-10,000 psig. They feature Ni-Span C and stainless steel 
components, eye-ease green dial with white increments 
linear to +.001”, and bourdon bleed and flush valve as 
standard equipment. Write for booklet containing technical 
information and data on exclusive recalibration feature, 
calibration, accuracy, components, and prices. 


Seegers Instrument Company 


515 West Main Street, Barrington, lilinois 
119 

















| |Products and Materials 
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In addition small investment castings 
provide clamp housings strung along 
the cables connecting the master and 
slave handles. Investment-casting *i9 
process 1s ust d for these parts because 
of their intricate shapes Arwood 
Corp., 321 W. 44th St., N. Y. 36, N.Y. 
“a , Irradiator with Co’” and Cs 
ositions are available in an 
Sources 
advanced research group engaged in a combined pro- 
gram of basic research and applied technology. 
* 
The dual nature of this effort provides a staff of 
mature specialists for studies of proposed product 
concepts, while insuring that these specialists may 
maintain their knowledge and abilities at full strength 
by means of their own fundamental research. This 
balance of activities constitutes an effort to achieve 
an industrial research atmosphere analogous to the 
balance between teaching and research in academic 
institutions. 
* 
Most work is on an individual rather than team 
, IRRADIATOR can be used to irradiate small 
basis, and staff members may choose and develop animals and biological samples or for 
their own basic research topics as part of the Labora- chemice! ane clecwonic experiments ond 
tests of materials—U. S. Nuclear, Corp., a 
tories’ internally-sponsored program. Background on 801 N. Lake St., Burbank, Calif 
the doctoral or equivalent level is required. 
* Cartridge Demineralizer 
Fields of particular interest to the Laboratories Replaceal g 
include theoretical nuclear reactor physics, electronic the BD-5 ‘ 
. . ‘ . . : rtridge | t g 
physics, solid state physics, physical chemistry, and site , 
advanced nuclear engineering. Facilities and assist- purities and o electrical resistance 
ance are available for numerical computation and M — — 
; an 25 gal/hr, operates under press 
experimental work. Publication and close contact io 006 Thin* sad tedioni 
with related university research are encouraged. purity continuously ; it also shows when 
to replace tl rtridg B t | 
* Still and Sterilizer Co., 222 | 
Please write to Mr. W. R. Walsh, Personnel Dept. Perrace, Boston 31, M 
he * 
RESEARCH LABORATORIES iaduepenee 
UNITED AIRCRAFT CORPORATION Model 414 Calibration Pulser supplies 
400 MAIN STREET, EAST HARTFORD 8, CONN nanosecond and microsecond pulses > 
Deca til 10 st I i ' 
3 myusec to LOO use implitude ranges 
ire in 11 steps from l-my full scale to 
100-volts full seal Internal stand- 
All qualified applicants will receive consideration for employment without regard ard-cell calibratior : = Rad 
to race, creed, color or national origin ara-cel Canbrauion sn et a 
ition Instrument Co., P. O. Box 7 
ee = a Silver Spring, Maryland 
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Problem: making water and 
steam behave predictably 
in atomic power plants 




















Solution: call on the experi- 
ence of Hall Laboratories 





Experience in dealing with industrial water problems for 
more than 35 years in every kind of industry... plus consul- 
tation on water treatment for pressurized and homogeneous 
reactors... plus materials specification and water treatment 
for an eleetron accelerator cooling system... plus steam qual- 
ity tests with nuclear power plants ... plus research project 
dealings with phosphate solubilities and the effect of water 
on the metals in nuclear reactors... plus training classes for 
atomic power plant personnel on steam contamination. These, 
and other similar projects background Hall’s ability to pro- 
vide answers to atomic power plant steam and water problems. 


For more information on how Hall Laboratories can be of 
assistance to you, write or 
phone: Nuclear Power Division, HAGAN 


; i ths ¢ CHEMICALS & CONTROLS, INC. 
Hagan Center, Pittsburgh 30, Pa. HAGAN CENTER. SITTEOURGH 56. JA 


HAGAN DIVISIONS: CALGON COMPANY ¢ HALL LABORATORIES *« BRUNER CORP. 
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HOw, 


available 
from 


/.%. Radium 


U.S. Radium ts now stocking quantities of standardized products to satisfy 
customer requirements, as for example, the items presented below. It is our intent 
to add to this list as the demand warrants. 








doubly encapsulated geiger-mueller tubes 


gamma sources 
A wide variety of highest quality—economically 


priced G-M tubes are in stock—produced for 
U.S. Radium for exclusive sale in the United 
~ States by Electronic Associates Limited of 


ACTIVE AREA? 


_.| 








quenched tube with standard four prong base; 
operating at about 1200—1250V , greater then 
350V plateau, average 3 per cent/100V slope 
and a life of over 500,000,000 counts. Additional 
G-M tubes described in data sheet available on 
request 








ae : . % 

: } } s wir Canada. Of particular interest is type EA-3EW, 
: ' + uid a 1%-in. diameter end window, organic 
7 i é v ; ganic 





.050 WINDOW 
THICKNESS 


Cs'*” sources: 50, 100, 150, 200, 300, 500, 750 
and 1000 mc + 20 per cent. Available from stock 
in Monel housings. Supplied with 416 stainless 
steel eyeletted handling lug for magnetic manip 
ulation, as illustrated, or without lug. 

Delivery after AEC license approval and AEC- 
required seven-day leak test. 





Special designs, sizes and encapsulating ma- 
terials to order. 


tritium foils 
and targets 


uranium oxide 
alpha calibration 
sources 


TiH3 foil bombarded by deuteron projectiles, 
produces copious supplies of neutrons for 
activation analysis, oil well logging, gas chro- 
matography and related applications. 





Uranium oxide uniformly, quantitatively de 
posited on stainless steel discs and protected 
by an acrylic lacquer against mild abrasion, are 
available from stock 


. Targets available from stock with two types of 
backing—type 302 stainless steel (0.002-in. 
thick) and OFHC copper (0.010-in. thick). 
Standard tritium content is nominal 1 curie/in.? 





(0.16 curies/cm’). Targets supplied in sheared 302 SS, 0.032-in. Thick Discs 
square or rectangular configurations. Also in ~-2&-in. sda 
circular form; stock die measurements of 5.25, Diameter Diameter 
6.35, 7.92, 9.12, 11.42, 19.68, 28.5, 30.0, 31.75 Active Diameter 2 in Yz in 


1,000 cpm 1,000 cpm 
10 ,000 5, 000 


and 55.55 mm. diameter. Activity (+ 20%) 


Immediate delivery following AEC license 


approval. 25,000 
Other concentrations and custom targets on No AEC license required 
special order. Special sizes fabricated to order 


Request bulletin 20.70. 


Request bulletin 20.80 


RADIEM 


united states radium corporation 


MORRISTOWN, N. J. | Offices: Chicago, Illinois and North Hollywood, Calif. Subsidiaries: Radelin Ltd., 
| Port Credit, Ont., Canada and U.S. Radium Corp (Europe), Geneva, Switzerland. 
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Portable Counting System 


SM1 sample monitor (above) measures 
radioactivit of samples with low 


energy in nu ir plants or other loca- 


tions where the background count is 
high. The instrument contains a lead 
castle and « vindow geiger counter 
as well as a two-range linear ratemeter 
for easy reading and an electromechani- 
cal register All-transistor circuit 
ensures ictness, reliability and 


low-power consumption.—E.M.I. Elec 
tronics Ltd Haves, Middlesex, 


England 


Electronic Timer 


Glow-tube timer, the N-S04 1 preset 
ind { psed el tron Timer ti i 
60-c vel ontrolled-time base and a 
maximum t e stor 1O.000 
Time resolut = to the t 

on times longer than 1,000 s¢ Power! 
requirement 115 rf 
phase bU r 65 itt H i 
Electro ( | r. &. 8 3 | 
Princet Ni J 








G-M Scaler With Transistors 


\ode! | 115 ibove), to he used \\ th 
iow-voltagt h Loge n-quenched (- \I de- 
tectors, has transistor circuitry Con- 
ventional cold-cathode counting tubes 
record and display the incoming Geiger 
pulses. The combination of transistors 


and cold-cathode counting tubes leads 
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ite minimum of heat and 

e trouble-iree operation. 

Radiat Equipment and Acces- 
k, N. ¥ 










.-@ 
ah ee 
oe “es 
es ee 


a Ja a 
. 





$6 as 
+e «"s 


Film Memory for Univac 
I} Film-Mi 


ommer- 


mory 


computers 


ory ibove). 


sing system 


than 10° 
peration; 
are 
I In 
*e 
lerrite-core 
‘ words The 
rromagnetic 
leposits Of iron, 
erromagnetic 
Reming- 
1 Park Ave. 
\ 
Tritium Self-Luminous Paint 
| t Ab to allow 
irtificially 
ils, Lumi- 
inous paint 
For watch 
laimed ad- 
nal radium 
nitial brightness 
y ~ I onger 
1 Nuclear ( orp 
R 8 Mase 
ae 
lonization Chamber 
4 ( f ring neutron fluxes 
T) { n nuci ir rockets 
t gh-temperature, un- 
tion hamber’ has 
tion for internal 
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forced-air cooling. The chamber, de- 
signed for 1,000 hr of trouble-free oper- 
ation, has high vibration and shock 
tolerance limits because of its rugged, 
all-welded, stainless-steel construction 


The high-temperature extension leads 


Semiconductor-Detector 
Amplifier 

Complete with an integrated low-noise, 
high-gain, charge-sensitive preampli- 
fier, a main amplifier and stable biased 
postamplifier, the Model SS-200 also 


contains a dual-range bias supply for 
The detec- 
tor bias supply has a range of 0-10 volts 


are 25 ft of stainless-s teel-sheathed 
Mg0O-insulated The 
life expectancies range from 33 yr at 
1Q'° 1O'4, 


wire. operating semiconductor detectors. 


n/cm?/sec to 29 hr at for fission-fragment detectors and 0-200 
volts for charged-particle detectors. 
In addition, a built-in precision mer- 


Marquardt Corp., 16555 Saticoy St., 
Van Nuys, Calif. 








een - eo li a 
28,000 GAL. STORAGE ODE- Mm 7,000 GAL. LH2 DEWAR BY 
WAR BUILT BY STEARNS- STEARNS-ROGER FOR mMis- 
ROGER. - SILE COMPONENT TEST. 


NEED | 


pReoex ole eM Ce 4.45 
LE, CAPACITY? 


STEARNS-ROGER IS ENGAGED IN 
DESIGN, ENGINEERING AND FAB- 
RICATION OF SPECIAL STORAGE 
AND HANDLING FACILITIES FOR 
LH2z. LET US DEVELOP YOUR LH2 
EQUIPMENT FOR CAPACITIES IN 
THE 1,000-30,000 GAL. RANGE. 











DENVER 


P.O. BOX 5888, 17, COLO. 


CONSTRUCTORS 
MANUFACTURERS 


DESIGNERS 
ENGINEERS 
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ONE LOOK 


_ SHOWS You 
WHETHER YOU ARE 
CONTAMINATED 
...and WHERE! 





CHECK } 
RESET ann 





ONLY T/A HAND & SHOE MONITORS 
offer this outstanding feature! 


MODEL HSM-10A provides completely automati 
and measurement of beta-gamma contamination on the 
back and palm of each hand and the bottor 
both shoes. No skill is required in its operation. The user 
simply follows the instructions on the illuminated mult 
colored panels on the front of the instrument. The Mode 
HSM-10A employs the decade scaling principle and offers 

an unusually wide range of warning levels, thus serving j 
any health physics requirement. An external clothing probe 
with rate meter read-out and speaker is included 


detection 


Surfaces of 


WRITE FOR BULLETIN NO. 167 









Warning Lights on T/A PORTAL MONITOR 
locate contamination QUICKLY! 


MODEL PPM-8 provides a quick efficient 
method of “head to toe” monitoring of 
personnel entering or leaving a con- 
trolied area. it features red warning 
lights, one at each of the 8 detectors, 
which enable the user to localize quickly 
the area of beta/gamma contamination 











WRITE FOR BULLETIN NO. 168 


LIM-18 LAUNDRY INSPECTION MONITOR 


A specially designed instrument for monitoring clothing and equipment worn in 
lead shielding around 


beta/gamma contaminated areas. 180 
each detector increases 
the sensitivity of 

the instrument. 


NCO; 





COUNTER IN OPERATION 


WAPLETE 


rercay | | SMOTHING Prog, 


iN USE 


DECONTAMINATION REQUIRED 


i _ 








180° lead shielding 
around each detector 


minimizes the 
background count. 


WRITE FOR BULLETIN NO. 168 


Ih 





Instrumentation for 


140 WEST PROVIDENCIA AVENUE « 


TECHNICAL ASSOCIATES 


Nuclear Research 
BURBANK, CALIFORNIA 
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cury-wetted relay pulse generator 
makes simple ilibration and system 
checking possible. Instrument and 2 
De velopme nt Products Co., Inc., 355 
W. 109th Place, Chicago 28, Ill 
Gamma-Gaging Equipment 
New noncontact, nondestructive 
gamma-gaging systems that include a 
gamma source i detector and elec- 
tron presentation in chart or digital 
form have high penetration ¢ ipabill- 
ties, fast response and good resolution 
Radio Corporation of America, In- 
dustrial Controls Div., Building 15-1, 
( amade n, N J 
+h 
" 
" 
u 
" 
" 
n 
" 
" 
n 
" 
" 
n 
n 
n 
e\@ 


n" 
rt 
" 
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r 





Thin Film-Memory Planes 





For faster me system 
planes } e BIP-1000) 2.000 
Angstror t been m i that 
store 20 S ts | ] 
I il nth 
t ( i i I 1 
glass subst t t] 
' ( r T 7 pr T | ? 
rds gy id I t 
ind t lr} nits 
le ti ties i O.2 , 
Burroug] ( | tron lu 
D r. @ 26, Pla N J 
Fiame Potentiometer 
lo measure elements and monitor 
purities in the ontinuous!l in the 
) and part per mull on 
range, O1 e this new flame poten- 
mete! he instrument consists of 
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It’s What’s Inside That Counts! 











Packard Tri-Carb 
Liguid Scintillation Spectrometer 


Accurately and automatically 
achieves the best experimental 
results presently possible utilizing 
the latest radioactive tracer 
counting methods for such 
materials as proteins, lipids, 
amino acids, tissue, body fluids, 
aqueous solutions, tritiated 
water, and carbon dioxide. 


In the first six months after the 
transistorized Tri-Carb replaced 
its vacuum-tube predecessor, more 
than a hundred installations were 





made in 15 countries on four 
continents. More samples of tritium, 
carbon-14, and other alpha- and 
beta-emitters are now being 

counted in the Packard Tri-Carb Spectrometer 
than in any other instrument. 





You will be interested in our latest bulletin, which 
shows “‘what’s inside” the transistorized Tri-Carb Spectrometer 
that makes it count so well. . . so reliably. 

WRITE OR PHONE, REQUESTING BULLETIN 315. 


TRI-CARB LIQUID SCINTILLATION SPECTROMETERS +« AUTO-GAMMA SPECTROMETER 
SYSTEMS + FRACTION COLLECTORS + FLOW DETECTORS + RATEMETERS + SCALERS 


ra es oe or or Instrument Company, Inc. Renmei remem 


BOX 428-8, LA GRANGE, ILLINOIS e PHONE HUnter 5-6300 





CHICAGO « ALBUQUERQUE + ATLANTA+ BOSTON «+ LOS ANGELES + NEW YORK «+ PHILADELPHIA «+ PITTSBURGH 
SAN FRANCISCO + WASHINGTON, D.C.+ ZURICH « PARIS 
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ISOTOPIC 
TRENDS 





PHOSPHORUS-32 AND SULPHUR-S55 
INTERMEDIATES — 


VALUABLE REAGENTS FOR 
INDUSTRIAL RESEARCH 


The following intermediates labelled with 
phosphorus-32 will interest chemists concerned 
with the organic phosphorus compounds 
insecticides, plastics additives and solvent 
extraction reagents, 


PHOSPHORUS TRICHLORIDE/P-32 
PHOSPHORUS OXYCHLORIDE/P-32 
PHOSPHORUS PENTASULPHIDE/P-32 


All are in regular production at the 
Radiochemical Centre, available at short notice— 
and relatively inexpensive 


Compounds labelled with sulphur-35 are important 
to those concerned with research in the 
pharmaceutical industry, with detergents and with 
oil and rubber additives. The wide range we can 
supply from stock or at short notice includes: 


ELEMENTARY SULPHUR/S-35 

SULPHUR DIOXIDE/S-35 

HYDROGEN SULPHIDE/S-35 
CONCENTRATED SULPHURIC ACID/S-35 
CHLOROSULPHONIC ACID/S-35 
CARBON DISULPHIDE/S-35 


Please write for details. Comprehensive catalogues, including more than 
500 labelled compounds, are available on application. 


THE RADIOCHEMICAL CENTRE 
AMERSHAM - BUCKINGHAMSHIRE - ENGLAND 
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two parts: an optical unit that houses 
the sample manifold, burner, mano- 
chromator and photomultipiier, and a s 
control panel that contains the high- _- 
voltage supply amplifier, automatic 
standardizing system, sample si quence 
selector and recorder. When the sam- 
ple is placed in the burner the photo- 
multipher detects the radiation emitted 
by impurities.—-Waters Associates, 45 
Franklin St., Framingham, Mass 
Solid-State Detector 
rhe detect t g 
crystal high-purity p-type silicon 2 
. 

resist t gv LO.000 " 
mate i t l 
diffuse r} ilpha t 

nergy det ge is 0.5-10 \ 

t lia iting ipt 
100 its TI t 
the detecto { Sig t 

tio 1 it » to 1; but 
t letect 50 t | it 
se Klem I} S g | 
UX irg, | 


Plug-in decir lecade-counter m 
DC-113 t | X deca 
tech ! itr that 
nates tubes or transistors for activating 
succeeding decades Che unit w 
rectly drive indicator tubes, printers 
et Without Gecoders or ampliher 
Burroughs Corp., Electronic Tube Divi 


sion, Box 1226, Plainsfield, N. J 





| OMISSION. We inadvertently 
left out the manufacturer of ‘‘Robot 
with a Memory” in April. The 

company is Consolidated Controls 

Corp., Bethel, Conn | 


May, 1961 - NUCLEONICS 





































































‘‘Why do they still make ‘ont 


In 1876 this great Corliss steam engine was set into 
motion by President Grant before thousands of aston- 
ished guests at the opening of the Centennial Exhibit in 
Philadelphia. Thirty-nine feet in height and weighing 
seven-hundred tons, the Corliss giant, with its twin 750 
horse-power engines, was able to turn the fifty-six ton, 
thirty-foot gear fly-wheel at a speed of thirty-eight miles 
per hour—thus producing operational power to all the 
machine exhibits 


This product of man’s ingenuity and mechanical prow- 
ess in the formative years of industrial power was in- 
deed a giant in size, weight, imagination and . . . com- 
plexity and cost! Today we are building nuclear power 
plants more powerful than Mr. Corliss could ever have 
imagined. Yet, despite the passage of time, the problems 
of giant-size complexity and giant-size cost remain with 
us. Why do they still build ’em like they used to? The 
answer is easy. In the early years of any new technology, 
equipment is intricate and costly. 


And so it is today in the nuclear field. For example, one- 
third of the capital cost of the reactor portion of a 
nuclear power plant can be attributed to the same com- 
plex and costly components as in the Corliss steam 
engine—pumps, valves and heat exchangers. Simplifica- 
tion and cost reduction in this area of technology alone 
would be a giant step in the nuclear industry’s drive 
toward economic competitive power. In its July issue 
NUCLEONICS will make an important contribution to 
the progress of the nuclear industry by publishing a 
major special report on Reactor Components. This 32- 
page editorial report will deal with what we know today 
in the technology of nuclear hardware and where we 
need to go in the future 


THE JULY REACTOR COMPONENTS SPECIAL REPORT 


Specifically, the report will cover three major reactor 
components: pumps, valves and heat exchangers. In 
preparing this timely report NUCLEONICS surveyed 
reactor fabricators, systems-designers and reactor opera- 
tors and held personal interviews with a dozen com- 
ponent manufacturers in many cities. These surveys 
and interviews were the basis for developing a series of 
articles written by authorities in the field. The articles 
will cover 


Pumps: 
Comparison of Canned & Controlled Leakage Pumps 
Waste Handling Pumps 

Pumps for Reactor Plant vs 
Controlled Leakage 


Turbine Generator Plant 
Pump Seals 


Heat Exchangers: 
Criteria Used for Selection of Heat Exchangers 


Thermal, Mechanical, and Fabrication Design Factors 
Developments Needed in the Heat Exchanger Field 
Valves: 

Guide Post to Valve Selection 


Service Experiences 
Forecasting Valve Design Requirements 
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REFERENCE TABLE 


An important part of the July Components Report will 
be a two-page reference table for each of the above 
three sections. Each table will list a complete descrip- 
tion of the particular component in each of the fifty 
existing water-cooled reactors. 


A WINNING COMBINATION 


The July NUCLEONICS 32-page special report will 
pinpoint your audience. The reader most interested in 
this report will be the person who selects components of 
all types. The stage will be set for a healthy sales climate 
with the winning combination: YOUR PRODUCT and 
NUCLEONICS. 
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Phoenix, Ariz fonse engineering, decontami 
n, radioisotope tracer tecl 
nique ing and rage 
Magnets. 32 pp.; Varian Associates Z “Ret 
Palo Alto, Calif 
Exceptional opportunity 
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pp.; Harvey-Wells Nuclear Corp “= at ‘ocaie a neta $12 
$3 Kendall St., Framingham, Mass REE SE 
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Carbon Dioxide Manufacturing Sys- $9944. Nuclear Physicist 
tem. 4 pp.; Louis De Markus Corp., | Engi with Advance Degr 
3080 Main St., Buffalo 14, N. ¥ | prefer 
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U. S. NAVAL CIVIL 
NUCLEAR MATERIALS AND EQUIPMENT CORPORATION es onan ras On Hrewwe ENGINEERING 


Transducers. 6 pp.; Rosemount 3 
Engineering Co., 4900 W. 78th St LABORATORY 
Minneapolis 24, Minn 
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pr ® Magnetohydrodynamics. LO pp. {On the coast between Los Angeles 
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_ INDUSTRY NOTES | 


* we have joined capabili- 


Kan da dei 
ding: Michigan Chemical Corp., 


ompanies 


elop light-weight radiation 


’ Saint Louis, Michigan and Haveg In- 
dustries, Inc., Wilmington, Del. 
lichigan Chet rare-earth and 
t riu 1 M ork with Haveg’s 
t t known plastics, 
inorg fibers and fillers 

t tl Last September 

I g irchased AEC’s large rare- 
! lity which is 

ti vit lichigan’s plant 

@ Nuclear Materials & Equipment 
Corp., A Pa., under two contracts, 
er 29 tons of enriched nu- 

Westing ise for the second 

g the } kee reactor, and 

y the Saxton reac- 

SNEC (Saxt Nuclear Experi- 

( est tes that the initial 


(1 , vears 
NEW CONTRACTS. The National 
: t LS Administration 

General Electric's Flight 
Propulsion Laboratory dept., Cincin- 
2) ntract to study heat-flow 
orking fluids 
ecraft nu 
ind itas- 
( share the 
< OO) roject ost with 
ts tor 
0-20 Be " 
~ | sit lll be 
( f America 
. ( ( 
600.000 


NEW BUSINESS. Radionics, Inc., 


iced its me 


S. and ( i by 

Philips Electronic Instruments, a d 
Philips Electronic & Pharma- 
eutical Industries Corp. Radionics 
Trace BD 3 s t ng 
\ I cde 
> t ntation 
| I Powe1 
( or AEC 
é \ I rlab’s sys 
VP-2P wate yni- 
{) irea moni- 
\IAP-1 air particulate 
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monitor and an assortment of air sam- 
plers and laboratory equipment. 

Davison Chemical Nuclear Materials 
plant, Erwin, Tenn., a subsidiary of 
W. R. Grace & Co., has announced it 
has commercial quantities of uranium 
uranium and tho- 
In an initial 
commercial this 
from private industry, Atomics Inter- 
national div. of North American Avia- 
tion Corp. called for 1,500 lb of uranium 
monocarbide. . Hydro-Aire Co., 
Burbank, Calif., will develop a proto- 
type flow-control system for monitoring 


monocarbide, and 


rium dicarbides available. 
material 


order for 


the water flow in reactors under an 
AEC contract. The system must 
monitor 1,076 channels. The AEC 
project is the first process-control sys- 


tem to be developed by H ydro-Aire’s 
recently created Electronics div. 


FINANCE. National Distillers and 
Chemical Corp.'s titanium and zirco- 
nium subsidiary, Reactive Metals Inc., 
Niles, Ohio, which has shown losses in 


past vears operated at a profit during 


the closing eight months of 1960, a com- 
pany official said. The improvement 
of earnings resulted from the increase 


of National’s ownership from 33°, to 
60° Reactive Metals 
has announced plans to expand its 
facilities at Niles buildings of 
Bridgeport Brass Co. This 


stock holders of National and 


of the company. 


into 
month, 
sridge- 
port Brass will decide upon a proposed 


merger which would combine annual 


sales of $730-million and assets of ap- 


proximately $625-million New 


England Nuclear Corp. anno 


dividend on 200.000 outstand- 


inced a 
hve cent 
ing shares on record sales for fiscal 1960 
Sales for the period exceeded $725,000 

the $600,000 sales 


fiscal period 


or were 20° above 


of the preceding 


Royal Industries, Inc., Los Angeles, re- 
L960 


saies 


iIncreast in 
1959 


ports a 13° 
$13,390,730) over $11,853,616 
Net income was $467,583 
ACQUISITIONS. 
Redwood Citv, Ca 
subsidiary in England, Raychem U, K. 
Ltd., for research, manufacturing and 
marketing of products. 
The with B. X. 
Plastics Ltd., a British plastic m 
Ravchem’s sales for six months 


1960 


Raychem Corp., 


lif., has established a 


Raveche m’s 
venture 18 a joint one 
inulac- 
turer. 
reported as 


ending Dec were 


$1,950,000, an increase over the previ- 


ous year’s sales of $1,120,108 





contaminants 


NX off 
“FAST! 


HAWS SAFETY SHOWERS 
send torrents of rushing water 
from all angles — washing away 
dangerous irritants in a hurry! 
Slap open the conspicuous “Push 
to Operate” valve. Hard-running 
streams from 10 adjustable noz- 
zles drench victims in 
You can depend on HAWS for 
the instant, positive first aid so 
vital until medical help arrives. 


seconds. 


This “Safety on tap” can mean 
the difference between temporary 
irritation and permanent injury. 
Get the facts! Write for HAWS 
new safety catalog. Do it today! 


Valve shown 





three-quarters 








open. 


IWS Mia) 


a product of 


HAWS DRINKING FAUCET COMPANY 


1443 Fourth Street ¢ Berkeley 10, California 


19 Columbus Avenue 
San Francisco 11, California, U.S.A. 
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CLEAN 


DELICN 
FOR YOUR 
PANEL 
INSTALLATIONG 


i a 





MODEL 1145** 


SIDE-INDICATOR 
PANEL METERS | 


Give Uncluttered Panel Appearance — display only 
the essential pointer-scale relationship. 
Human Engineering Advantages — give fast, accu- 


“Internal illumination 
e : 
“External zero adjuster 





rate readout for balancing circuits, position indi- All models mount 
cators, any comparative readings. . : 
Greater Readability in Less Space — only % the horizontally or vertically 
panel area of round or square meters, but with 
equal accuracy. ideal for stacking 
** Patent Number 2,871,450 * on some models 
MODEL 1120 MODEL 1135 MODEL 1145 





Availabie as DCUA, 
of full scale | OCMA, DCA, DCMV, 
for DC, + 5% for AC| OCV, ACV, with zero 


10 oz 


29 
= < ° 


Weight 4 oz. 9 oz 
Accuracy +> 3% of full scale | + 2% of full scale 
for DC, + 5% for AC} for DC, + 5% for AC 


Scale Length | 1.2” a 2.7 at center, left or 
Panel Area 0.9 sq. in. (cutout 2.0 sq. in. (cutout 5.5 sq. in. (cutout right. Also VU and 
1.687” x .531”) 2.656” x .781”) 3.450” x 1.300”) Db meters 











Internal Front, external Front, external 














Zero Adjuster 









miniaturization headquarters 
international 


) instruments ine. 


88 Marsh Hill Road, Orange Conn., 
® Cable: “INTERINST” 


WRITE FOR ENGINEERING DATA 
SHEETS on our complete line of 
panel meters, side indicators, 
Electronic Control Meters, 
miniature multitesters, 


QUOMINUM NUCLEAR STORAGE RACK 
‘0 wel 
"CPC 


Engineered, 
machined and 
fabricated all alu- 
minum nuclear 
spent fuel element 
storage rack de- 
signed by Stone 
and Webster, 
Boston, Mass. for 
Yankee Atomic 
Plant, Rowe, 
Mass. 























QUALIFIED WELDERS 





A.S.M.E. - National Boards 
Aircraft - MIL-T-SO21A 
Navy - STD-248A 

Code inspection by 

Mutual Boiler and 

Machinery Insurance 

Company 





WRITE FOR ALUMINUM BROADSIDE 


PC engineering 


STURBRIDGE, MASS. 
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NUCLEAR 
CALENDAR 


May 3-5—Nuclear Conference, 
CGathnburg Tenn Gatlinburg Civic 
luditoriun Sponsor: American 


Contact R L, 


space 


Rocket Society 


Hohl, 500 Fift Ave N. ¥. 36. N. ¥ 
May 7-10—National Meeting of the 
American Institute of Chemical Engi- 


Ono She t/on- 


AIChI Ses- 


neers { eland, 
“sponsor: 
sions include papers on radio tive 
muteriais tor process control Con- 
tact: J. F. Van Antwerpen, AIChI 
»5 W. 45 St., New York 36, N. ¥ 


National Aerospacs 


Davton. Oho 


May 8-10—13tl 
Klectronics Conf 


erence 


Biltmore & Miami Hotels Sponsor 
Institute of Radio Engineers Con 
tact: L.G. Cumming, IRE, 1 E.79S8t 
New York 21, N. ¥ 
May 11-13—Annual Meetir he 
Americar Rad m Society, Cok lo 
Springs, Colorado (Broadmoor H 
Sponsor: ARS, 350 Engle St., | ‘ 
wood, N. J 
May 15—-17—-Annua Meeting o 
Radiatior Research Societ Wash- 
g I a. 4 Sheraton-] j 
S| RRS Cont t l | 
Po ) f Biological and Med 
il Rese Argonne Na Lal 
| nt, I 
June 4-8 -Amé n Nuclear SS 
Annual Meeting Pittsburg! Pa 
Penn-ShI ! S SO] ANS 
Contact: Oct e J Du Temple ANS 
86 East R lolph St., Cl go 1, Ill 
June 14-17—-Kighth Annual Meeting of 
the So t oO Nuclear Medici 
Pittsburgh, Pa Pe s/ 
Contact: & iel M. Turiel, SNM 
yO N« | y \ ( | 
l 
June 26 Se pt ] (,ordon Con 
Nucl ( try luled during 
tl Colb Juni ( g 
New | | N. H.; New H t 
sc hoc H pton, N H Ix 
Il { \ Meride H 
l 5 l m N. H | 
| ontact: W. ¢ y 
P ) t Ur | 
I Rl | 
June 27-28 > 0 ! ol R 
Effect n Refractory Fuel ( 
pound \ t Cit \ J ( 
mile-H H Sp | 
elle Ni Inst ( 
(me > ! | \l 
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~ NEWSMAKERS | 


Elda E. Anderson, 


Nat Laborator 





id of Oak Ridge 
s education and 
section in 


the Health 


raining 


Physics 


has been 

* med chairman of 
= the American Board 
Health Physics. 

The Board Was eCS- 

blished by the 

“=> Health Physics 

Pr aS Society last vear to 
standardize re- 

ition protection 

r( ints have been 

t board's first vear. 

Pierre L. Balligand the Commis- 
t I’nergie Atomique will succeed 


Hubert de Laboulaye 


Daniel Binder, 


Hug \ 


Harold Brown, 


( 





s Deputy Diree- 
f the de partment 


f the Interna- 


L Ager salli- 

! iuties last 

tor of research 
ChkA 

r ot Oak Ridge 

t has joined 


nuclear elec- 
id of the nu- 
irtment 

tl | ol 


Laboratory, has 
minated by 
ent Kennedy 


t research 


pon 
ition by the 
Senate, Brown will 
Herbert 
Brow \ no also came 
the DOD post 
Brown 
| lent Ker 
tt the 
4 ciel: aati 
ttee to 
. stir 
L f Carapella, Sy ]- 
r Corp. has joined 
ral Dynamics 
| be responsible 
thin the division 
ns within the 
William R. Corliss The Martin Co.’s 
appointed con- 
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sulting editor on propulsion for the 
and Tech- 
MeGraw- Hill 


Kneyclopedia of Science 
nology published by 


Book Co. 


James Flack, Lockheed Nuclear Prod- 
uct’s chief nuclear engineer, has been 
appointed to direct 
all nuclear activi- 
Lockheed’s 
He 
joins d the 
in 1954 


operations 


ties of 
Georgia div. 
first 
Georgia div 
as an 


and researt h scien- 


tist, and has di- 
rected experimental 

Flack 
operations at the 
Georgia nuclear laboratories where nu- 
clear reactors are made. In the re- 


organization of Lockheed’s nuclear div.., 
T. H. Thomas assumes management of 
Flack 
who reports directly to Chief Engineer 


Art Flock. 


the reactor systems div. under 


Arthur W. Flynn, formerly a manager ol 
development and project engineering 
Nuclear 
America, has taken up his duties as 


Ebasco Serv 


lor Development ( orp ol 


nuclear engineer at Ices, 


Inc. 


John S. Foster, Jr., has been named di- 
rector of the University of California's 
Radi- 


ation Laboratory 


La wrence 


Livermore, to 


ceed Har 


| Brown 


(see lett Foster 
has been an as- 
sociate director ol 
Livermore for the 
past thre vears 
He is a recipient ol 
— the AEC’s Ernest 


Memorial 


contributions to 


Award for 


nuciear we 


Orlando Lawrence 


his “apons 


development. One of his projects was 


the development of ion sources for 


accelerators and = son DAS 


linear 
studies of high vacuum ion 


He 


pumping 


ssumes his post June | 


Robert Wayne Houston, professor of 
bia Uni- 
rr of the 


chemical engineering at Colun 


versity, has been named direct 
Industrial Reactor Laboratories, Plains- 
boro, N 3 


jointly by 


a research facility owned 


ten noncompeting industrial 


corporations involved in nuclear re- 
search. Columbia has one-eleventh 
share in the use of the laboratories, and 





A New Multiplier 
Phototube for 
High Temperature 
Operation 


Type 9607B. This 2” diam. soda glass 
tube has been designed to work over 
a wide range of temperatures with very 
low dark current, making it suitable for 
such applications as bore hole logging. 
It can operate quite happily at 150 
Centigrade. The end window semi- 
transparent photocathode is of the 
multi-alkali type, and the 11-stage 
Venetian blind dynodes are coated 
with Ag Mg 0 secondary emitting 
material. 





TYPICAL CHARACTERISTICS 





Overall sensitivity. 25 A/L at 3000 volts. 
Dark current at 150° C. 5 x 10°* A approx. 

Cathode diam. 44 mm. min. 
Bulb diam. 51.5 mm. max. 


Overall length. 155 mm. max. 











EMI ELECTRONICS LTD 
VALVE DIVISION 


HAYES : MIDDLESEX +: ENGLAND 


Distributors in U.S. 
Hoffman Electron Tube Corporation 
804 Salisbury Park Drive 
Westbury L./. New York 
Te!: EDgewood 3-6650 
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Newsmakers 


De partment Starts on page 1 


r 
il 


WHERE TO BUY i 


the facilit Featuring additional products, special- 


recently signed an agreement to operate 


ties and services for Atomic Power, re 
Alvin Jackson, who was engaged in|Nuclear Engineering and Applied 


Cadiation. 


* 


biochemical research for the California 


Corp., has joined the chemistry staff of 





Tracerlal In as part of that com-| = — 
I 
. —_— ————— 
pany s expansion program 1n the field ———— a 
ot new radioactive chemical compounds 
for medical and industrial uses. i aa BR a 






William J. Jackel, who heads th NEUTRON 
Albuquerque div. of ACF Industries, Shielding 

















In ias been elected a vice president 13 
. ' : . lL 0 ») 
of the comp Jackel wil continu Windows “ 0; (5 
to head the company’s Albuquerque ~ 
ze ol | , ~ ; ‘T) innouncing: Gadolinium glass originated 
div., \ 1 is operated by ACF for by Penberthy. Gadolinium glass permits 
AFK( as ‘ preside nt and general direct’ viewing with mixed neutron and 
gamma radiation 
——— PENBERTHY INSTRUMENT CO. 





6701 Maynard Ave., Seattle 8, Wash 
PArkway 5-5400 







Mortimer A. Schultz, a 22-vear veteran 


of Westingh« 


ise, and project manager 





of Westinghouse’s 


WTR since 1956, | TRITIATED TITANIUM FOIL 


has left the com-|| a8 beam target in neutron generators, 
a eal ion producer (gas chromatography, 
pany to establish & || static eliminators, vacuum gauges ion- 
consulting service ization tubes). Tritium « tent ap- 
in Pittsburgh, Pa. | Proximately 1 curie/in.? (or to require- 


ments). Backing 2 mil stainless 


H ‘ plans to cente! other metals and thicknesses avaliabie 
his service in the on special order. Also DEUTERATED 
field of automat TARGETS ADDRESS _IN- 


at a #7 SN | QUIRIES TO : 
N cally controlled nU- | / oR |) RADIATION RESEARCH CORPORATION she 
S clear power plants J 50 Shames Drive 
reactor operation, nuclear instrumen- “T ey aay Sees 
4.4 p , 4 First in Nuclear Batteries” 
PURE FUSED QUARTZ ‘0 sir ‘sting, ral and po 
IDEAL FOR ALL SEMI-CONDUCTOR METALS os Mrarsasgy awe 
Our unique process enables us to 
supply semi-conductor quality |" 
VITREOSIL to close tolerances in | numer ticles on control of nuc] 
crucibles and special fabricated reactors n his capabilities wit 


shapes. Now available Quartz to ...4).... t in these fields PROFESSIONAL 


Metal Seals. Write us about your re- 

quirements. See our ad in Chemical 

Engineering, Electronic Engineers ee eT ee SERVICES 
- - > Bernard B. Smyth, formerly with 

Master and Electronic Designers Wachis ye . ou 














. 
al 














S t ( ye 
Catalogues. : = - 
‘ nd Albert has been appointed an! == et 
SI EC T ROSIL issistant president of the Gen- | oa, 
FOR HYPER-PURITY IN “At oe a ae 
nager of GA's Wasl ASTRA, INC. 
SEMI-CONDUCTOR WORK jg. o: He has been assigned || Consultants For Industry & Government 
ai © Nuclear Nuclear Analysis, Reactor Specifica 

PURITY — purest form of fused silica I mnsibility for project development | tions & Design Shielding, Health Physics, Crit- 
TRANSPARENCY — unique optical propertie tivities on the East Space: Radiat Effects, Propulsion, Satellite 
HOMOGENEITY — completely homogeneous sf naviiomate i en i ee 

and free from granularity intents for GA Analysis, Thermodynamics, Electronic Data 

. ora g oO! ' Pr ssing, Cryog 

AVAILABILITY — block material for lenses Raleigh, N. C. VAnce 8-4386 Cable: *‘ASTRA"’ 

prisms, etc; rod, fiber, wool; hollow 

ware as tubing, crucibles, and special 

._, appa atus ' George Welford, who has been a WHEN TIME 
Write for complete,illustrated catalog. , or +] ¢4 
ealil ind sale S SHORT 
949, has joined U.S ut the solution of your problems up to 
THERMAL AMERICAN x » Cos , rae put sO c eng p 
ICieal } Lire or Of 1ts labora- o specialized Consultant s broad ex 
FUSED QUARTZ CO., INC. : pest sng ape 
ter nod fT he 1 1oOaASssa\ ana erience mc ove yo months Cc 
18-20 Salem St., Dover, N. J. . : micai Dloassa ani P 4 y 
ot . experimentatior 
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_EMPLOYMENT OPPORTUNITIES 


THE KNOLLS ATOMIC POWER LABORATORY 


7< 


... Where Achievements in Research 


Selective program expansion—and commencement of 


Are A pplied Today omen applied research and development projects in new 


and promising areas of nuclear reactor and powet 
plant technology—have generated several new open- 
ings of unusual potential at KAPL. 


And Developed 


Positions are immediately available in: 


Electrical Systems Design/Instrumentation and Con- 
trol Equipment/Control Drive Electrical Design/ 


Into Tomorrow s Physical and Process Metallurgy/Welding Engineer- 


ing/Materials Design Analysis/Experimental Physics 
(PhD) /Theoretical Physics (PhD)/Nuclear Engi- 


N uclear Systems —- acacia Design and Analysis/Program- 
e £ 


Forward your resume in confidence to 


Mr. F. W. Snell, Dept. 48-ME. 


Knolls Alomic Power Laboralory 


OPERATEO FOR AEC BY 


GENERAL @@ ELECTRIC 


Schenectady, New York 











Je SCIENTISTS AND ENGINEERS ARE NEEDED AT AMF ATOMICS 





Expanding Programs in Remote Handling Systems and Reactor Development 
Have Created the Following Requirements: 


PROCESS ENGINEERS to assume technical responsi- MECHANICAL ENGINEERS to direct projects involving 
bility for analysis and design of test loops and design, fabrication, and testing of complex 
— cooling systems. Requires broad back- nuclear handling equipment. Experience in the 


Ngee lear fie sirable. 
nd in process systems and specialized nuclear field desirable 


cperience in liquid metal systems. GOVERNMENT LIAISON REPRESENTATIVE experi- 
enced in the nuclear field and knowledgeable 
of Department of Defense and Atomic Energy 
Commission requirements. A technical back- 


NUCLEAR ENGINEERS for analysis and design of ground is required. 





advanced reactor systems Requires ORSORT OTHER IMPORTANT OPENINGS are available for 
traini r equivalent experience with special physicists for core design, start-up and reactor 
nphasis on heat transfer and stress analysis operation; nuclear and mechanical engineers; 
Project management capability a must and, mechanical and electrical designers. 
Contact: Personnel Department 
A Division of American Machine & Foundry Company 
; 140 Greenwich Avenue, Greenwich, Connecticut 

V7 f ; he | 

Experience, performance across the board . . . across the world 
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Positions Vacont 
Positions Wanted 
Part Time Work 





DISPLAYED 


The advertising rate is $25.33 per inch for all 
advertising appearing on other than a con- 
tract basis. Geanest rates quoted on re- 
quest. 

An advertising inch is measured }” vertically 
on a I 2 col 30 inches to a 





page. be 
Subject to Agency Commission. 
Send NEW ADS or Inquiries to Classified Adv. Div 


Civil Service Opportunities 
Selling Opportunities Wanted 
Selling Opportunities Offered 


——-RATES. 


EMPLOYMENT OPPORTUNITIES 


p The advertisements in this section include al] employment opportunities 
—executive, Management, technical 


selling, office, skilled, manual, etc 
Employment Agencies 
Employment Services 
Labor Bureaus 


UNDISPLAYED 
$2.10 per line, minimum 3 lines. To figure 
payment count 5 average words as a line 
Position Wanted ads are 4 of above rate 
Box Numbers—counts as | line. 
Discount of 10% if full payment is made in 
advance for 4 consecutive insertions 
Not subject to 
of NUCLEONICS, P. O. Box 12, N. Y. 36, N. Y 





Agency Commission 








BENDIX 
KANSAS CITY 


Has Openings For 
INDUSTRIAL HYGIENISTS 


Bendix, Kansas City, needs chemical 
engineers, chemists or physicists to 
do sampling and analysis of in- 
dustrial wastes. Responsibilities will 
include control of toxic environ- 
ments, health physics activities 
related to radiation protection pro- 
grams and evaluation and control 
of basic industrial health hazards 
This is an unusual opportunity with 
one of the nation’s most vital in- 
dustries. We offer unusually gener- 
ous company benefits in a Mid- 
western community which is famous 
for its beauty and low cost of living 
All replies will be strictly cor 
fidential. 


For Personal Interview 
Send Resume to 
Mr. K. L. Beardsley 
Box 303-TY 





KANSAS CITY DIVISION 


Kansas City 41, Missouri 





HEALTH PHYSICISTS 
Controls for Radiation, Inc. 


is performing a comprehensive pro- 
of Radiological Safety Services 
at the 


gram 


National Aeronautics and 


Space Administration 
Plum Brook Reactor Facility 
Permanent Positions are now avail- 
able on the Con-Rad Staff located 


at Sandusky, Ohio 


SENIOR HEALTH PHYSICISTS 
AND HEALTH PHYSICISTS with 
required to 


reactor experience are 


assume key operating positions at 


this major nuclear research facility 


E. A. Sadowski 


Project Manager 


Pium Brook Project 








controls for radiation nc. 


NASA Pium Brook Facilities, 
Sandusky, Ohio 





POSITIONS AVAILABLE 


CAROLINAS VIRGINIA 
TUBE REACTOR 


Near Columbia, South Carolina 


In Field of 
REACTOR PHYSICS Pechnical 
Supervisor in charge of technical sup- 
port group tor operation ol the heavy 
water moderated and cooled pressure 
tube Nuclear Power Plant 
REACTOR OPERATIONS: Reactor 
lechnicians, Instrument Technicians 
Electrical and Mechanical Mainte- 
nance, Health Physics Technicians 
Chemistry Laboratory Technician 


Send Re 
MayvHUE A I 
CAROLINAS VIRGINIA NUCLEAR 


POWER 


1104 Wachovia Bank Building 
Charlotte 2 


at the 


ne 


Be! Training Dire 


ASSOCIATES, INC 


North Carolina 














for 
POSITIONS 
“ in the 
NUCLEAR 
FIELD... 
WRITE US FIRST! 


Use Our Application 
No Resume Required 














Our national coverage and 
technical experience in 
the nuclear field offers 
the maximum opportunity 
to achieve your goals. 


Confidential Handling 
Employer Pays Fee 





Write: Arthur L. Krasnow 


ATOMIC PERSONNEL, INC. 


1518 Walnut St. « Phila. 2, Pa. « PE 5-4908 
An Employment Agency for the Nuclear Field 











CONTROLS ENGINEER 





Lo Alam« Scient Laboratory off« an 
unusual opportunity to a qualified cont 
P I \ esponsibilities for 
leveloping tre system n connection 
th P ect R nuclear propulsion reacto 
test | 
Qualification hould wlude experience 
several of the roll ne area Automat 
ntro vster compute mulation elec 
tronics i € of controls systems reactor 
le nd operation, fluid fl control, and 
c g Advanced degree 1 Physics 
En r t al 
Th a nt pe n at I Alam 
i na t a test 
near I Ve N ad 
Send resun ng t Recruiting De 
partment, P. O. Box 1663, Los Alamos, Ne 
Mexicc 


LOS ALAMOS SCIENTIFIC 
LABORATORY 
of 
THE UNIVERSITY OF CALIFORNIA 


Los Alamos, New Mexico 








134 





NUCLEAR ENGINEERS 
—CHEMICAL ENGINEERS— 
HEALTH PHYSICISTS 














Resp ib posit S$ are oper n our R 
ation Control Branch, Nuclear Power Div 
f the Prod Department Degres I 
gineering or Health Physics, with training and 
industrial experie lving work w ra 
diation ¢ art ited equipment and materials 
s desired Jot are in the Federal Civil Ser 
ce and ¢f within Civil Service Sched 
will be mmensurat¢ with the ndivi 
qualifications Ma © to ft nd 
R ations Officer ( s Na 
{ S. Naval I ( Ss 
THREE SCIENTISTS 
B.S.,M.S Ph.D To $ 
O yr xp r t k 
pme 
& mecha r * resista pror t 
f var $s HIGH TEMPERATURE app 
t ta r search tee t 


Chie 


expe! Send resume 
ESQUIRE PERSONNEL 
2 So. State St 





Chicag 





{DDRE 
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SS BOX N 
fied Adv. D 
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NEW YORK 


O. REPLIES TO: I 


pul 








/ O. Bax 
CHICAGO \ Mf { 
SAN FRAN ‘CO ll ( 2 S 
POSITIONS VACANT 
Immediate opening for " professional health 
pl cist to pe ! tine and ne 
at nh protect ac t associate 
ation of a 5 MW research react I et 

ind radioisotope " atoric B.S. « M.S th 
6 to 18 months health physi x] ene ed 
(rad of AEC al Ph I hip 
program preterred I should | 1 
te D Edwa I ande Manas Ra 

Z a Science Ca " nive ty Inc 
trial React Lal Ir Plain \ 
Jerse 
Wanted—Physicist with Masters or Ph.D. degree 
fc full-time esearch position Prefe ne 
fiterested in neut nh act ation analyse 
physi Sala ange from $6545 to $10,634 a 
P-6509, Nucleon 
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NUCLEONICS /EDITORIAL COMMENT 


An Open Letter to Dr. Glenn Seaborg 


1961 is a year of crisis for the civilian nuclear power progran Chis may sound drat 


but events could eas swing the pendulum in a positive o1 t direction l 


early 1950’s. We’ve made major advances, for example, in nuclear fuel technology, mat 
rials development, understanding of reactor physics, and most important, we have tl 
full-scale plants in operation We even have several reactor manufacturers who stat 
they are offering nuclear pi ver plants to utilities in certain parts of t intry that 


produce competitive 


ence on how quick irrive at a truly competit nuclear-powe my, a natio 
goal that was establis i back in 1953 For, at tl moment, there re severa 
hanging over the indust In the last vear, no jor r ti ts 
committed. In fact, several expected to be committed ha either been delays 


canceled. The AEC-industry cooperative reactor building progr s at a standst 
There is great uncertaint er the impact of the upcoming Supre Court decision on t 
Enrico Fermi plant case And, relatedly, AEC’s proposed reactor sit riteria 

with mixed reaction in the industry 


All of these “shad in be dissipated and may well be dissipat 61. B 
happens depends in large part on the character and the vigor of t rship 
Washingtor At the moment, there is a vacuum in atomic-e! eadership in t 
Capital not surprising in t! s period of takeover and getting ed ited the new Ad 


istration No one individual has moved to the fore to take on tl ntle of leaders! 


One surprising development is that the chairman of the Joint ¢ ttee on At 
Energy, Rep. Chet Holifield, has turned docile as far as nuclea ris concern 
has said he has no intent mn Of pressing tor any particular goals su e did in the | 
hower Administratio1 Rather, he will take any ils that President Kenned ts 


will evaluate the program in light of them. 


And vou, Dr. Seabor the new chairman of the AEK¢ ive not t had tl 
tunity to jump into t batt vith a flaming torch t 


powe r DAT 





But, to dissipate t some of the fire 
follows 


1. The A E( the Ad nistration needs to reaffirm is stron 


as possibile its aim to support a strong nuclear power effort to ac! vetith 
power in the U.S. before tl d of this decads Che need for a yt S$ goal ne 
be spelled out again l ag 1 goal calling for U.S 
production rat \ ul onomic energ 

2. An aggressi\ 0} tive S.-industrv effort t uld nu I int t 
sold by AEC to Cong: 1 possibly even to industry, perhaps y 
sidy plan, for the purp I suring the building of plants 

3. The Enrico Fermi fast-breeder case should be viewed in pr ti 
decision of ft S I e rt will presu ably either rmit thi tt erat 


not. Whatever tl t AEC and the industry need t that ft 
involves a I I ry advanced plant 
to the more tested ts, tl iter types. This cas ld not 3 t 
and end-a f the reactor business, as some would 
reactor siti sions apparently see it 

4. And, on reactor siting, AEC needs to move quickly to provid terpret 
the meaning of its p1 v siting criteria—to pri l¢ lida te ndust 


just what it expect, t t ble to do and what it 


LZ. 
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...f0r power, process- 


nuclear scientists and tecl 





n and build reactors of any type— 


ducts designed and built the port- 
the Atomic Energy Commission's 
tion, Which is now touring South 
ning reactor has been completed for 
\nd, for critical experiments which 
ind Space Administration is con- 


LNP is building a low-power reactor 


INP in the operation and manage- 


heat, research, training 


ment of America’s largest nuclear radiation effects research 
the U.S. Air Force’s Plant 67, on a 10,000-acre site 
at Dawsonville, Georgia—adds another significant dimension 


facility 


to our ability to design and build reactors to fulfill any de- 
fense, scientific, or commercial requirement. 

A letter, wire, or phone call will bring a Lockheed Nuclear 
Products representative to your plant or office to discuss your 
problems in: 

Reactor Design and Manufacture e Facility Design and Operation 
Instrumentation « Shielding « Radiation Effects 
Isotope Applications « Hazards Analysis 

Write: Nuclear Sales Manager, Lockheed Nuclear Prod- 

ucts, 1SO0OQ Northside Drive N.W., Atlanta 18, Georgia. 


LOCKHEED GisoOlnnGilA 





Victoreen, the first name in radiation 
measurement, is delivering the last 
word in multi-channel analyzers—the 
Tullamore-designed Model ST-200D 


8 200 or 400 Channel ferrite core memory 

8 Dual input—Simultaneous data accumulation 

® Subgrouping and bi-directional logi« 

® Parallel or serial readout — Wide selection of 
readout devices 

® Visual display and readout — Linear, log or 
both simultaneously 


® Simultaneous linear and log plot 


Service by 
RCA SERVICE COMPANY 
A Division of Radio Corporation of America 


a ae l OR oe ee 


5806 HOUGH AVENUE « CLEVELAND 3, OHIO 


EXPORT: 240 WEST 17TH ST. © NEW YORK 17, NEW YORK 
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